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CHAPTER I 
I N T R O D U C T I O N  
Today hemod ia ly s i s  i s  a wide ly  accep ted  mode o f  
t r e a t m e n t  f o r  t h e  c h r o n i c  r e n a l  f a i l u r e  p a t i e n t .  However, 
p r i o r  t o  1960 t h e  p a t i e n t  w i t h  end-s tage kidney d i s e a s e  w a s  
managed on a p r o t e i n  and sa l t  r e s t r i c t e d  d i e t  and drug  t h e r -  
apy t o  c o n t r o l  h y p e r t e n s i o n  and t h e  n e u r o l o g i c  symptoms o f  
uremia.  D e s p i t e  medical  management, t h e  d i s e a s e  w a s  a f a t a l  
one.  
1 
The development o f  d i a l y s i s  equipment and t h e  a b i l i t y  
t o  m a i n t a i n  long-term c i r c u l a t o r y  a c c e s s  l e d  t o  t h e  succes s -  
f u l  c l i n i c a l  a p p l i c a t i o n  o f  hernodia lys is  i n  c h r o n i c  r e n a l  
f a i l u r e .  I n  1913 Abel ,  Rowntree, and Turner  first d e s c r i b e d  
l l v i v i d i f f u s i o n " ,  a p r o c e s s  o f  d i a l y z i n g  blood of  a  l i v i n g  
animal o u t s i d e  o f  t h e  body and r e t u r n i n g  t h e  blood t o  t h e  
n a t u r a l  c i r c u l a t i o n .  The a u t h o r s  r e f e r r e d  t o  t h e  a p p a r a t u s  
used as a n  a r t i f i c i a l  k idney.  2 
I n  1943 Ko l f f  i n t r o d u c e d  t h e  f i r s t  e x t r a c o r p o r e a l  
d i a l y z e r  f o r  u se  i n  c l i n i c a l  medicine .  Although s u c c e s s f u l ,  
I E l i  A.  Friedman, e d . ,  S t r a t e g y  i n  Renal F a i l u r e  
(New York: John Wiley and Sons ,  I n c . ,  1978), p .  1. 
'john J .  Abel,  L .  G .  Rowntree, and B .  B .  Turner ,  
"On t h e  Renoval o f  D i f f u s a b l e  Subs tances  From t h e  C i r c u l a t -  
i n g  Blood by Means of  D i a l y s i s , "  J o u r n a l  o f  Pharmacology 5 
(1913):275. 
t h e  t echn ique  w a s  complex and cou ld  on ly  be used as long  a s  
blood v e s s e l s  f o r  punc tu re  s i t e s  were a v a i l a b l e .  3  
M e r r i l l  and a s s o c i a t e s  p r e s e n t e d  a m o d i f i c a t i o n  of 
K o l f f t s  r o t a t i n g  drum d i a l y z e r  i n  1949 which minimized 
c l o t t i n g  and d e c r e a s e d  hemolysis .  ~ l w e l l ~  and Skeggs and 
~ e o n a r d ~  dev i sed  a d i a l y z e r  which r e q u i r e d  a h y d r o s t a t i c  
g r a d i e n t  t o  f o r c e  a t h i n  f i l m  of  blood between two l a y e r s  
o f  c e l l o p h a n e ,  i n t r o d u c i n g  t h e  concept  o f  u l t r a f i l t r a t i o n .  
Desp i t e  t h e  advances i n  d i a l y s i s  equipment,  hemo- 
d i a l y s i s  w a s  p r i m a r i l y  i n d i c a t e d  i n  a c u t e  r e n a l  f a i l u r e ,  
a c u t e  e x a c e r b a t i o n s  o f  ch ron ic  r e n a l  f a i l u r e ,  and c a s e s  of  
i n g e s t i o n  of  t o x i c  s u b s t a n c e s .  I t  w a s  n o t  u n t i l  1960 t h a t  
S c r i b n e r  proposed i n t e r m i t t e n t  hernodialys is  as a t r e a t m e n t  
f o r  ch ron ic  r e n a l  f a i l u r e  p a t i e n t s .  The development of  
t h e  s i l a s t i c  a r t e r i o v e n o u s  cannu la  by Q u i n t o n  and S c r i b n e r  
-- - - 
3 ~ .  J .  Kol f f  e t  a l . ,  "The A r t i f i c i a l  Kidney: A 
D i a l y z e r  w i t h  a Grea t  Area ,"  Acta Medica Scandinavica  1 1 7  
(1944)  :133. 
4 ~ o h n  P .  M e r r i l l ,  l l C l i n i c a l  A p p l i c a t i o n  o f  an A r t i -  
f i c i a l  Kidney, B u l l e t i n  of New England Medical Cen te r  11 
(1949)  : 111. 
5 ~ .  Alwe l l ,  "On t h e  A r t i f i c i a l  Kidney, I .  Apparatus 
f o r  D i a l y s i s  of  Blood - i n -9 v i v o  Acta Medica ~ c a n d i n a v i c a  
128 (1947):317.  
6 ~ .  T .  Skeggs,  J .  R .  Leonards,  and C .  R .  H e i s l e r ,  
I t A r t i f i c  i a l  Kidney: 11. C o n s t r u c t i o n  and O ~ e r a t i o n  of  
Improved ~ o n t i n u o ; ~  D i a l y z e r , "  Proceedings  o f  t h e  S o c i e t y  
f o r  Exper imental  Biology and Medicine 72 (1949) :539 .  
7 ~ .  H .  S c r i b n e r  e t  a l . ,  "The Treatment of  Chronic 
Uremia by Means of  I n t e r m i t t e n t  Hemodialysis:  A P r e l i m i n x y  
Repor t ,  I t -  T r ansac t ions  of t h e  American s o c i e t y  f o r  ~ n t e r n a l -  
A r t i f i c i a l  Organs 6 (1960)  :114. 
i n  1960 made long-term c i r c u l a t o r y  a c c e s s  p o s s i b l e  and made 
i n t e r m i t t e n t  hemodia lys i s  a p r a c t i c a l  r e a l i t y .  8 
Since  1960 e f f o r t s  i n  t h i s  a r e a  have produced a 
v a r i e t y  of  more e f f i c i e n t  d i a l y z e r s .  I n  1965 B r e s c i a ,  
Cimino, Appel, and Hurwich c r e a t e d  an i n t e r n a l  a r t e r i o -  
9  
venous f i s t u l a .  D e s c r i p t i o n s  of  v a r i o u s  t y p e s  of  i n t e r n a l  
f i s t u l a s  c o n t i n u e  t o  appea r  i n  t h e  l i t e r a t u r e .  10 
The passage  o f  t h e  S o c i a l  S e c u r i t y  Act i n  1972 pro- 
v ided  f i n a n c i a l  suppor t  f o r  t h e  c a r e  of  p a t i e n t s  w i t h  end- 
s t a g e  kidney d i s e a s e .  With advances i n  t h e  c l i n i c a l  a p p l i -  
c a t i o n  of  hernodialysis  and f e d e r a l  l e g i s l a t i o n  p rov id ing  
f i n a n c i a l  s u p p o r t ,  hernodialys is  has  become widely  used as a 
t r e a t m e n t  f o r  p a t i e n t - s  w i t h  end-stage kidney d i s e a s e .  I n  
March 1975,  408 p a t i e n t s  were be ing  main ta ined  on r o u t i n e  
hernodialys is  i n  t h e  s t a t e  of V i r g i n i a .  11 
Hernodialysis can  ex tend  t h e  l i v e s  of p a t i e n t s  w i t h  
end-stage kidney d i s e a s e .  However, t h i s  p rocedure  i s  no t  
wi thout  i t s  compl i ca t ions .  Technical  problems such  as 
8 ~ .  Q u i n t o n ,  D .  D i l l a r d ,  and B. H .  S c r i b n e r ,  "Cannu- 
l a t i o n  o f  Blood Vesse l s  f o r  Prolonged Hemodialysis , l1  Trans- 
a c t i o n s  o f  t h e  American S o c i e t y  f o r  A r t i f i c i a l  I n t e r n a l  
Organs 6  (1960) :104 .  
'M. J .  B r e s c i a  e t  a l .  , "Chronic Hemodialysis  Using 
Venipuncture  and S u r g i c a l l y  Crea ted  Ar te r iovenous  F i s t u l a , "  
New England J o u r n a l  o f  Medicine 275 (1966):1089.  
' O ~ l l e n  L .  S e l l e r s  and Shaul  G .  Massry, e d s . ,  C l i n i c a l  
Aspects  of Uremia and D i a l y s i s  ( S p r i n g f i e l d :  C h a r l e s  C .  
Thomas, 1 9 7 6 ) ,  p .  505. 
' l ~ a n e s  C .  P i e r c e ,  e d . ,  The Renal Program of V i r g i n i a  
( ~ i r g i n i a  Regional  Medical Program, 1975 ) , p. 48. 
4 
blood l e a k s ,  t u b i n g  s e p a r a t i o n s ,  and d i a l y s a t e  e r r o r s  have 
been r e p o r t e d .  12 Hypotension,  hype r t ens ion ,  a c u t e  b l e e d i n g ,  
c a r d i a c  a r r y t h m i a s ,  f e v e r ,  c h e s t  p a i n ,  and d e p r e s s i o n  may 
occu r  du r ing  t h e  d i a l y s i s  p rocedure .  
A f r e q u e n t  and dangerous  compl i ca t ion  of  d i a l y s i s  i s  
t h e  d i a l y s i s  d i s e q u i l i b r i u m  syndrome. l3 This  syndrome i s  
c h a r a c t e r i z e d  by a c u t e  changes which occur  du r ing  d i a l y s i s .  
Symptoms of  t h e  syndrome i n c l u d e  headache,  f a t i g u e ,  muscle 
cramps,  nausea ,  vomi t ing ,  con fus ion ,  c o n v u l s i o n s ,  and coma. 
The e t i o l o g y  of t h e  d i a l y s i s  d i s e q u i l i b r i u m  syndrome 
remains u n c l e a r .  Var ious  concepts  have been in t roduced  i n  
t h e  l i t e r a t u r e  t o  hypo thes i ze  t h e  e t i o l o g y  o f  t h e  c l i n i c a l  
symptoms of  t h e  syndrome. l4 The mechanism common t o  each o f  
t h e s e  concepts  i s  t h e  s h i f t  of wa te r  i n t o  t h e  c e l l ,  due t o  a 
change i n  t h e  osmolar c o n c e n t r a t i o n  g r a d i e n t  between t h e  
i n t r a c e l l u l a r  and e x t r a c e l l u l a r  environments .  This  s h i f t  
c auses  t h e  c e l l  t o  s w e l l  and i s  b e l i e v e d  t o  be t h e  cause  of 
t h e  c l i n i c a l  symptoms of  t h e  syndrome. 1 5 , 1 6 , 1 7  
1 2 ~ o a n  D .  Ha r r ing ton  and E t t a  Rae Brener ,  P a t i e n t  Care 
i n  Renal F a i l u r e  ( ~ h i l a d e l p h i a :  W.B. Saunders ,  1 9 7 3 ) ,  p. 139. 
l a s e l l e r s  and Massry, Uremia and D i a l y s i s ,  p.  34. 
1 4 ~ h a l i l  G.  Wakim, "The Pathophysiology of  t h e  D i a l -  
y s i s  D i sequ i l i b r ium Syndrome,I1 Mayo C l i n i c  Proceedings  44 
( J u n e  1960):425.  
15A.  C . Kennedy e t  a1 . , "Urea Levels  i n  Ce reb rosp ina l  
F l u i d  A f t e r  Hemodialys is ,  Lancet  (February  24,  1962) :410. 
16v.  S i t p r i j a  and J .  H.  Holmes, I1Prel iminary Observa- 
t i o n s  on t h e  Changes i n  I n t r a c r a n i a l  P r e s s u r e  and I n t r a -  
o c u l a r  P r e s s u r e  During Hemodialysis ,  T r a n s a c t i o n s  of  t h e  
American S o c i e t y  of  A r t i f i c i a l  I n t e r n a l  Organs 8  (1962) :300 .  
17Allen I .  A r i e f f  e t  a l . .  "Cen t r a l  Nervous System p H  
i n  Uremia and t h e  E f f e c t s  o f  ~ e h o d i a l ~ s i s ,  I' The ~ o u r n a l  of 
C l i n i c a l  I n v e s t i g a t i o n  58 (August 1976) :306 .  
Research by ~ a r t i n o l ~ ,  S i t p r i  ja and Holmes , 1 9  
Peterson  and swanson, and ~ a ~ s t a m ' '  examined the '  e t io logy  
of  t h e  d i a l y s i s  d i sequ i l ib r ium syndrome. Thei r  r e s u l t s  
i n d i c a t e d t h a t  v a r i a t i o n s  i n  serum osmola l i ty  occur  dur ing  
d i a l y s i s .  and ~ o d r i ~ o ~ ~  observed t h a t  t h e r e  i s  a 
s i g n i f i c a n t  i n c r e a s e  i n  t h e  number of c l i n i c a l  symptoms 
a s s o c i a t e d  wi th  t h e  syndrome'when t h e r e  i s  a decrease  i n " ' .  
t h e  serum osmola l i ty .  
Each of  t h e s e  s t u d i e s  have shown t h a t  changes i n  
serum osmola l i ty  occur  dur ing  t h e  d i a l y s i s  procedure.  How- 
ever ,  no publ ished s tudy has  examined t h e  s p e c i f i c  r e l a t i o n -  
s h i p  between t h e  change i n  serum osmola l i ty  and t h e  number 
of  c l i n i c a l  symptoms of t h e  d i a l y s i s  d i sequ i l ib r ium.  syn- 
drome. . . 
1 8 ~ r a n c i s c o  P.  Martino and William A. Kelemen, t tPost-  
d i a l y t i c  Changes i n  Serum Osmolali ty and i n  Blood Urea of 
2 3  P a t i e n t s , "  Cleveland C l i n i c  Q u a r t e r l y  26 (Ju ly .1959) :113.  
lgsitpri ja and Holmes, I t I n t r a c r a n i a l  P ressu re  and 
I n t r a o c u l a r  P ressu re ,  p . 300. 
' O ~ a r t  C .  Peterson and August G.  Swanson, !!Acute 
Encephalopathy Occurring During Hemodialysis, Archives '  of 
I n t e r n a l  Medicine 113 (June 1964):879. 
2 1 ~ .  E.  Hagstam e t  a l . ,  I1Mannitol I n f u s i o n  i n  Regular 
Hemodialysis Treatment f o r  Chronic Renal I n s ~ f f i c i e n c y , ~ ~  
Scandinavian Journal  of  Urology and Nephrology 3 (1969):  
257. 
2 2 ~ r i e d r i c h  K.  Por t  e t  a l . ,  t tPrevent ion of D i a l y s i s  - , - - 
Disequi l ibr ium Syndrome by Use of  High Sodium Concentrat ion 
i n  t h e  Dia lysa te , I t  Kidney I n t e r n a t i o n a l  3 (1973):327. 
2 3 ~ k a n c i s c o  Rodrigo e t  a l .  , t lOsmolal i ty  Changes Dur- 
i n g  Hemodialysis, Annals of I n t e r n a l  Medicine 86 (May 1977): 
554. 
Knowledge of  t h i s  r e l a t i o n s h i p  may i n f l u e n c e  t h e  
n u r s i n g  i n t e r v e n t i o n s  made t o  i n c r e a s e  t h e  comfort  o f  t h e  
p a t i e n t  du r ing  t h e  hemodia lys i s  p rocedure .  The nu r se  i n  t h e  
d i a l y s i s  u n i t  i s  r e s p o n s i b l e  f o r  t h e  s a f e t y  and ccmfor t  of  
t h e  p a t i e n t s .  This  r e q u i r e s  c o o r d i n a t i o n  of  a h i g h  q u a l i t y  
o f  p h y s i c a l  and emotional  n u r s i n g  c a r e .  2 4  Func t ions  of  t h e  
n u r s e  i n c l u d e  p a t i e n t  assessment ,  i n i t i a t i o n  and d i s c o n t i n u -  
ance of  t h e  d i a l y s i s  p rocedure ,  p a t i e n t  moni tor ing  d u r i n g  
d i a l y s i s ,  p a t i e n t  t e a c h i n g ,  and emotional  suppor t  and 
counse l ing .  25,26 
These i n t e r v e n t i o n s  a r e  based on t h e  n u r s e ' s  under-  
s t a n d i n g  of  t h e  p r i n c i p l e s  of  hemodia lys i s  and t h e  complica- 
t i o n s  o f  t h e  t r e a t m e n t .  The n u r s e  observes  f o r  t h e  mechani- 
c a l ,  m e t a b o l i c ,  and psychologic  problems tha. t  may occur  dur-  
i n g  t h e  d i a l y s i s  p rocedure .  A major compl i ca t ion  o f  d i a l y -  
s i s  i s  t h e  d i a l y s i s  d i s e q u i l i b r i u m  syndrome. Unders tanding 
o f  t h e  s p e c i f i c  r e l a t i o n s h i p  of  c l i n i c a l  symptoms observed 
and t h e  phys io log ic  changes caused by hemodia lys i s  would 
f u r t h e r  enab le  t h e  nu r se  t o  a s s e s s  t h e  p a t i e n t  and p r e v e n t ,  
modify, o r  c o r r e c t  symptoms of  t h e  d i a l y s i s  d i s e q u i l i b r i u m  
syndrome. 
L J  Har r ing ton  and Brener ,  Renal F a i l u r e ,  p.  149. 
2 6 ~ .  F.  Gutch and Martha H.  S t o n e r ,  Review of  Hemo- 
d i a l y s i s  f o r  Nurses and D i a l y s i s  Personne l  ( S t .  Louis :  The 
C . V .  Mosby Company, 1 9 7 5 ) ,  p .  2 .  
Problem Statement 
Is there a correlation between the change in serum 
osmolality and the clinical symptoms of the dialysis dis- 
equilibrium syndrome experienced by the chr~nic renal fail- 
ure patient during hemodialysis? 
Hypothesis 
The number of clinical symptoms of the dialysis dis- 
equilibrium syndrome experienced by the chronic renal fail- 
ure patient on hemodialysis will increase as the serum 
osmolality decreases. 
Cefinition of Terms 
Clinical Symptoms - Any subjective change in the body 
or its function. 
Dialysis Disequilibrium Syndrome - A cli~ical syn- 
drome occurring during a dialysis procedure. The syndrome 
is characterized by the presence of any or all of the fol- 
lowing: headache, dizziness, nausea, vomiting, fatigue, 
muscle cramps, confusion, seizures, or coma. 
Chronic Renal Failure - A progressive, irreversible 
kidney disease characterized by a decrease in glomerular 
filtration, tubular reabsorption and/or tubular secretion. 
Serum Osmolality - The concentration of dissolved 
ionic particles per unit volume of aqueous solution. The 
measurement of serum osrn~lality is the relationship between 
the number of molecules present in serum and the effect of 
these molecules on the colligative properties of the serum. 
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Hemodialysis  - A p r o c e s s  o f  removing s u b s t a n c e s  from 
t h e  blood and r e p l a c i n g  e s s e n t i a l  c o n s t i t u e n t s .  The ope ra t -  
i n g  p r i n c i p l e  o f  d i a l y s i s  i s  t h e  d i f f u s i o n  o f  s o l u t e s  a c r o s s  
a semipermeable membrane. 
Assumptions 
1. C l i n i c a l  symptoms which d i d  n o t  e x i s t  imme.diately < .  
p r i o r  t o  t h e  i n i t i a t i o n  o f  d i a l y s i s  and were mani fes ted  dur- 
i n g  t h e  d i a l y s i s  p rocedure  were cons ide red  symptoms o f  t h e  
d i a l y s i s  d i s e q u i l i b r i u m  syndrome. 
2 .  The d i a l y s i s  pe r sonne l  who p a r t i c i p a t e d  i n  t h e  
s t u d y  d i d  have t h e  o p p o r t u n i t y  t o  make o b s e r v a t i o n s  and 
document t h e  p a t i e n t  I s c l i n i c a l  symptoms du r ing  t h e  d i a l y s i s  
p rocedure  . 
L i m i t a t i o n s  of  t h e  Study 
1. The t o o l s  used i n  t h i s  s tudy  were c o n s t r u c t e d  
based upon t h e  i n fo rma t ion  sought  by t h e  Hagstam s tudy .  27 
Symptoms Experienced by t h e  P a t i e n t  While Receiving Hemo- 
d i a l y s i s  ( ~ p p e n d i x  C )  and P a t i e n t  Symptoms 0 b s e r v e d . b ~  t h e  
Nurse During Hemodialysis  ( ~ p p e n d i x  D )  were n o t  t e s t e d  f o r  
r e l i a b i l i t y  and v a l i d i t y .  I n t e r - r a t e r  r e l i a b i l i t y  w a s  
measured. 
2 .  The f requency o f  t h e  n u r s e l p a t i e n t  i n t e r a c t i o n  
. -  - 
d u r i n g  t h e  s tudy  may have i n f l u e n c e d  t h e  p a t i e n t  response  and 
t h e  nu r se  response on t h e  i n s t rumen t s  used t o  document 
p a t i e n t  symptoms du r ing  hemodia lys i s .  
27~agstam e t  a l . ,  "Mannitol In fus ion , I1  p .  258. 
CHAPTER I1 
LITERATURE REVIEW 
The purpose of  t h i s  s tudy w a s  t o  examine t h e  r e l a -  
t i o n s h i p  between t h e  change i n  serum osmola l i ty  of t h e  
chronic  r e n a l  f a i l u r e  p a t i e n t  during hemodialysis and t h e  
number of symptoms of t h e  d i a l y s i s  d i sequ i l ib r ium syndrome 
dur ing  t h e  procedure.  
The symptoms which c h a r a c t e r i z e  t h e  d i a l y s i s  d i s -  
equi l ibr ium syndrome a r e  s i m i l a r  t o  t h e  c l i n i c a l  manifesta-  
t i o n s  of chronic  r e n a l  f a i l u r e .  The i n v e s t i g a t o r  f e l t  t h e  
need t o  review t h e  l i t e r a t u r e  regarding  t h e  e f f e c t s  of  
chronic  r e n a l  f a i l u r e  and hemodialysis upon t h e  body systems 
i n  o r d e r  t o  d i f f e r e r i t i a t e  t h e s e  e f f e c t s  from t h e  c l i n i c a l  
symptoms of t h e  d i a l y s i s  d i sequ i l ib r ium syndrome. 
A review of t h e  l i t e r a t u r e  regarding  t h e  d i a l y s i s  
d i sequ i l ib r ium syndrome and t h e  c l i n i c a l  s i g n i f i c a n c e  o f  
serum osmola l i ty  i s  a l s o  included.  
E f f e c t s  c f  Chronic Renal F a i l u r e  and Hemodialysis Upon t h e  
Body Systems 
Chronic r e n a l  f a i l u r e  i s  a  p rogress ive ,  i r r e v e r s i b l e  
d i s e a s e  c h a r a c t e r i z e d  by a decrease  i n  t h e  glomerular f i l -  
t r a t i o n  r a t e ,  t u b u l a r  r eabsorp t ion  and/or  t u b u l a r  s e c r e t i o n .  
A s  t h e  number of func t ion ing  r e n a l  tubu les  i s  reduced, 
kidney f u n c t i o n  d e c r e a s e s .  There i s  an accumulat ion of  
t o x i c  m a t e r i a l s  which a r e  normal ly  e x c r e t e d .  Toxic sub- 
s t a n c e s  which a r e  r e t a i n e d  i n c l u d e  u r e a ,  c r e a t i n i n e ,  phos- 
phorus ,  and drug me tabo l i t e s . '  D i s tu rbances  i n  r e g u l a t o r y  
f u n c t i o n s  cause  a b n o r m a l i t i e s  i n  f l u i d ,  e l e c t r o l y t e ,  and 
ac id-base  ba l ance .  Endocr ine  and metabol ic  f u n c t i o n s  of 
t h e  kidney a r e  a l t e r e d .  
C l i n i c a l  s i g n s  of  r e n a l  f a i l u r e  occur  i n  a l l  body 
systems.  Chronic r e n a l  f a i l u r e  p a t i e n t s  who a r e  t r e a t e d  
w i t h  maintenance hemodia lys i s  may o r  may no t  e x h i b i t  r eve r -  
sa l  o f  t h e  m a n i f e s t a t i o n s  of  t h e  d i s e a s e .  A summary of  t h e  
s i g n s  o f  ch ron ic  r e n a l  f a i l u r e  and t h e  e f f e c t s  of  hemodial- 
y s i s  i s  p r e s e n t e d  by body systems.  
Nervous System 
Reviews of  neu ro log ic  d i s o r d e r s  i n  r e n a l  f a i l u r e  and 
neu ro log ic  compl i ca t ions  o f  d i a l y s i s  have been pub l i shed  by 
Ty le r .  2 ' 3  I n  t h e  e a r l y  s t a g e s  of  r e n a l  f a i l u r e ,  c e n t r a l  
nervous system involvement i s  mani fes ted  by f a t i g u e ,  a p a t h y ,  
changes  i n  r e c e n t  and remote memory, impaired c o g n i t i o n ,  and 
narrowed span o f  a t t e n t i o n .  A s  t h e  r e n a l  f a i l u r e  p r o g r e s s e s  
t h e  p a t i e n t  may show s i g n s  o f  i n c r e a s i n g  i r r i t a b i l i t y ,  
 anse sen, Chronic Renal D i sease ,  p .  1 2 .  
2 ~ .  Richard T y l e r ,  t tNeuro log ica l  Complicat ions  of  
D i a l y s i s ,  T r a n s p l a n t a t i o n  and Other  Forms o f  Treatment i n  
Chronic I l l n e s s , I t  Neurology 1 5  (1965):1081.  
3 ~ .  Richard T y l e r ,  "Neurologic D i so rde r s  i n  Renal 
F a i l u r e , "  American J o u r n a l  of  Medicine 44 ( ~ a y  1968)  :734.  
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become d i s o r i e n t e d ,  and muscle t w i t c h i n g  o r  a s t e r i x i s  may be 
p r e s e n t .  Lethargy becomes more s e v e r e .  Convulsions may 
occu r  fol lowed by s t u p o r  and coma. E lec t roencepha log raph ic  
d i s t u r b a n c e s  i n d i c a t e  d i f f u s e  involvement of c e n t r a l  nervous 
system f u n c t i o n .  4 
There has  been an  i n c r e a s i n g  i n t e r e s t  i n  t h e  poly- 
neuropathy a s s o c i a t e d  w i t h  ch ron ic  r e n a l  f a i l u r e .  The 
neuropathy i s  man i f e s t ed  by a r e d u c t i o n  i n  t h e  v e l o c i t y  o f  
nerve  conduc t ion .  This  r e d u c t i o n  i n  nerve  conduc t ion  may b e  
p r e s e n t  p r i o r  t o  t h e  development of  c l i n i c a l  symptoms. 6 
C l i n i c a l  s i g n s  occur  symmet r i ca l ly ,  p r o g r e s s i n g  from d i s t a l  
t o  proximal e x t r e m i t i e s .  Symptoms i n c l u d e  t h e  " r e s t l e s s  
l e g   syndrome,^^ p a r e s t h e s i a s ,  l o s s  o f  v i b r a t c r y  p e r c e p t i o n ,  
weakness i n  l imbs ,  and r e d u c t i o n  of  deep tendon r e f l e x e s .  
Tenckhoff has  shown improvement i n  t e n  p a t i e n t s  who devel-  
oped senso ry  o r  motor neuropathy p r i o r  t o  d i a l y s i s  o r  du r ing  I 
t h e  f i r s t  y e a r  of  d i a l y s i s  when t r e a t e d  wi th  maintenance I 
hemodia lys i s .  The neuropathy d i d  n o t  p r o g r e s s  o r  develop 1 
5 ~ o n s t a n t i n e  L .  Hampers e t  a l . ,  Long-Term Hemodialy- 
s i s  (New York: Grune and S t r a t t o n ,  1973) ,  p.  162. 
-
7 ~ e i l  A. Kurtzman and Yianuel Martinez-Maldonado, 
e d s . ,  Pathcphysiology of t h e  Kidney ( S p r i n g f i e l d :  Cha r l e s  C .  
Thomas, 1977) ,  p .  853. 
8 ~ h e  f f r e s t l e s s  l e g  syndromel1 i s  c h a r a c t e r i z e d  by 
p r i c k i n g  and i t c h i n g  s e n s a t i o n s  i n  t h e  lower l i m b s .  Symp- 
tcms a r e  u s u a l l y  removed by movement of  t h e  e x t r e m i t i e s .  
in twenty consecutive patients on maintenance hemodialy- 
sis. 9 
Neurologic disturbances may occur while patients 
undergo hemodialysis treatment. Comrr,on complications 
include irritability, headache, nausea, vomiting, and muscle 
twitching. Drowsiness during.dialysis is common. Convul- 
sions and coma may occur. Abnormalities in the electro- 
encephalographic pattern during the occurrence of these 
symptoms have been documented. lo The neurologic signs which 
occur during dialysis usually subside following termination 
of the procedure. 11 
Maintenance hemodialys is can reverse or prevent the 
neurologic disorders of chronic renal failure. However, 
neurologic complications of dialysis are not uncommon and 
are considered symptoms of the dialysis disequilibrium 
syndrome. 12 
Cardiovascular System 
Hypertension is the most frequent cardiovascular 
complication of chronic renal failure. l3 Many of these 
'H. Tenckhoff, R. H. Jebsen, and J. C. Honet, "The 
Effect of Long-Term Dialysis Treatment on the Course of 
Uremic Neuropathy , I t  Transactions of the American Society for 
Artificial Organs 13 (1967):58. 
'A. Mayrier et al., "Unusual Aspects of the Dialysis 
Disequilibrium Syndrome," Clinical Nephroiogy 6 (July 1976): 
313. 
'l~~ler, "Neurologic Complications, p . 1082. 
121bid., p. 1083. 
13~urt zman and Martinez-Maldonado , Pathophysiology of 
the Kidney, p. 858. 
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p a t i e n t s  remain asymptomatic.  Hampers n o t e s  t h a t  70 - 75% 
of  h i s  p a t i e n t s  have become normotensive  when t r e a t e d  w i t h  
hemcd ia ly s i s  and volume r e d u c t i o n .  14  
Impairment of  sodium and w a t e r  metabolism i n  t h e  
p a t i e n t  w i t h  c h r o n i c  r e n a l  f a i l u r e  o f t e n  l e a d s  t o  p e r i p h e r a l  
edema. The c o n d i t i o n  i s  worsened by hypoproteinernia and 
exces s  f l u i d  i n t a k e  i n  t h e  p re sence  of  o l i g u r i a .  l5 I n  t h e  
p re sence  of  h e a r t  f a i l u r e ,  pulmonary edema may develop.  
Hemodialys is  can  remove e x c e s s  f l u i d  volume and produce 
c l i n i c a l  improvercent. 16 
P e r i c a r d i t i s  i s  a compl i ca t i on  o f  c h r o n i c  r e n a l  
f a i l u r e .  I t  o c c u r s  i n  30 - 50% of  p a t i e n t s  w i t h  t e r m i n a l  
r e n a l  f a i l u r e .  17'18 Most p a t i e n t s  a r e  asymptomatic a l t hough  
i n  some i n s t a n c e s  c h e s t  p a i n  is p r e s e n t .  Treatment by d i a l -  
y s i s  g e n e r a l l y  r e s o l v e s  t h e  p e r i c a r d i a l  f r i c t i o n  rub .  How- 
e v e r ,  i t  may t a k e  l o n g e r  p e r i o d s  of  t ime t o  r e s o l v e  t h e  
p e r i c a r d i a l  d i s e a s e .  1 9  
1 4 ~ a r n p e r s  e t  a l . ,  Long-Term Hemodialys is ,  p .  98. 
1 5 ~ a x w e l l  M .  Wintrobe e t  a l . ,  H a r r i s o n ' s  P r i n c i p l e s  
o f  I n t e r n a l  Medicine (New York: McGraw-Hill Book Company, 
1 9 7 4 ) ,  p .  1378. 
1 6 w i l l i a m  B.  Schwartz and Jerome P.  K a s s i r e r ,  
"Medical Management of  Chronic Renal F a i l u r e , "  ~ m e r i c a n  
J o u r n a l  o f  Medicine 44 (May 1968) :789 .  
1 7 ~ i n t r o b e  e t  a l . ,  P r i n c i p l e s  of  I n t e r n a l  Medicine ,  
p .  1378. 
I 8 ~ a r n p e r s  e t  a l . ,  Long-Term Hemodialys is ,  p. 9 2 .  
1 9 ~ e l l e r s  and Massry, Uremia and D i a l y s i s ,  p .  87. 
G a s t r o i n t e s t i n a l  System 
Anorexia, nausea,  and vomiting a r e  comKon symptoms i n  
t h e  p a t i e n t  wi th  chronic  r e n a l  f a i l u r e .  Mouth u l c e r s ,  
g a s t r i t i s ,  and duoden i t i s  may develop. Presence of p e p t i c  
u l c e r  d i s e a s e  i s  common i n  t h e s e  p a t i e n t s ,  a l though t h e  
inc idence  may not  be apprec iably  d i f f e r e n t  from t h e  genera l  
popula t ion .  20 The e t i o l o g y  of t h e  g a s t r o i n t e s t i n a l  symptoms 
i s  s t i l l  unknown. Most symptoms w i l l  c l e a r  when t h e  p a t i e n t  
i s  t r e a t e d  wi th  maintenance hemodialysis.  2 1  
The l i t e r a t u r e  publ ished regarding t h e  inc idence  of 
v i r a l  h e p a t i t i s  i s  extens ive .  The incidence of v i r a l  
h e p a t i t i s ,  type B ranges from 0  - 100% varying from one 
c e n t e r  t o  another .  2 2  However, Sch i f f  r e p o r t s  t h a t  over  80% 
of  d i a l y s i s  c e n t e r s  i n  t h e  United S t a t e s  have repor ted  cases  
of v i r a l  h e p a t i t i s .  23 Desc r ip t ive  r e p o r t s  i n d i c a t e  t h a t  t h e  
inc idence  of v i r a l  h e p a t i t i s ,  type  B i s  much h igher  i n  hemo- 
d i a l y s i s  p a t i e n t s ,  i n s t i t u t i o n a l i z e d  mental ly  r e t a rded  
p a t i e n t s ,  and hematology-oncology p a t i e n t s .  Transmission of 
t h e  v i r u s  i n  these  environments i s  r e l a t e d  
t o  inadver tan t  percutaneous i n o c c l a t i o n  
from contaminated ins t ruments  o r  o b j e c t s ,  
e n t r y  o f  contaminated blood through sounds o r  
unprotected breaks i n  t h e  s k i n ,  a c c i d e n t a l  
2 0 ~ b i d . ,  p. 200. 
21~arnpers e t  a l . ,  Long-Term Hemodialysis, p .  137. 
2 2 ~ e l l e r s  and Massry, Uremia and D i a l y s i s ,  p .  186. 
2 3 ~ u g e n e  R .  S c h i f f ,  "Epidemiology of Virus B Hepa- 
t i t i s ,  I t  Medical C l i n i c s  of North America 59 ( J u l y  1 9 7 4 )  : 8 3 5 .  
s p l a t t e r i n g  o r  sp lash ing  of p o s i t i v e  m a t e r i a l  
onto mucous membranes, o r  inapparent  i n g e s t i o n  
of  contaminated m a t e r i a l s .  2 4  
Hematopoietic System 
The development of anemia i s  i n e v i t a b l e .  Red c e l l s  
a r e  normocytic and normochromic . 25 C l i n i c a l  s i g n s  of anemia 
inc lude  s h o r t n e s s  of b r e a t h ,  weakness, and anorexia .  Hemo- 
d i a l y s i s  may provide some b e n e f i t  t o  t h e  uremic i n d i v i d u a l ,  
but  t rea tment  by d i a l y s i s  r a r e l y  causes e l e v a t i o n  of hemato- 
c r i t  l e v e l s  t o  normal l e v e l s .  26  
A b leeding  tendency i s  not  uncommon i n  t h e  uremic 
p a t i e n t .  The coagu la t ion  d e f e c t  i s  be l i eved  t o  be an 
abnormality i n  p l a t e l e t  func t ion .  2 7  Bleeding from mucous 
membranes i s  Correc t ion  of t h e  p l a t e l e t  
abnormali ty  can be achieved by r o u t i n e  hemodialysis.  28 
Metabolic and Endocrine Systems 
Feldman and Singer  have ex tens ive ly  reviewed the  
endocrinology and metabolism i n  uremia and d i a l y s i s .  
Chronic r e n a l  f a i l u r e  p a t i e n t s  demonstrate derangement of 
p r o t e i n  metabolism, glucose i n t o l e r a n c e ,  and l i p i d  
2 4 ~ a v i d  R.  Snydman, John A.  Bryan, and Richard E .  
Dixon, "Prevent ion of Nosocomial Vi ra l  H e p a t i t i s ,  Type B ,  " 
Annals of I n t e r n a l  Medicine 83 (1975):838. 
2 5 ~ i n t r o b e  e t  a l .  , -- P r i n c i p l e s  of I n t e r n a l  Medicine, 
p .  1379. 
2 6 ~ a m p e r s  e t  a l . ,  Long-Term Hemodialysis, p .  120. 
2 7 ~ e l l e r s  and Massry, Uremia and D i a l y s i s ,  p .  1 7 9 .  
2 8 ~ b i d . ,  p. 183. 
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abnormal i t i e s .  A l t e r a t i o n s  i n  a ldos te rone ,  ADH, erythro-  
p c i e t i n ,  g a s t r i n ,  growth hormone, glucagon, i n s u l i n ,  and 
pa ra thyro id  hormone occur.  Gonadal f u n c t i o n  i s  a1 t e r e d .  
Females may experience amenorrhea, i n f e r t i l i t y ,  and decreased 
l i b i d o .  Males may p resen t  with i n f e r t i l i t y ,  gynecomastia, 
and decreased l i b i d o .  2 9  Hemodialysis may not  r eve r se  t h e s e  
d i s tu rbances .  30,31,32 
Psychological  Aspects 
The psychologica l  s t r e s s e s  of chronic  i l l n e s s  and t h e  
p a t i e n t s f  adap ta t ion  t o  chronic  hemodialysis have been 
examined by phys ic ians  and nurses .  I n  1959 Schre ine r  
i d e n t i f i e d  t h e  mental and p e r s o n a l i t y  changes which manifest  
i n  t h e  uremic p a t i e n t ;  Neuropsychiatr ic  symptoms i d e n t i f i e d  
i n c l u d e  f a t i g u e ,  apathy,  i n a b i l i t y  t o  concen t ra te  f o r  long 
p e r i o d s ,  c y c l i c  v a r i a t i o n s  i n  t h e  o v e r a l l  f e e l i n g  of well-  
be ing ,  decrease  i n  sexual  d e s i r e s  and performance, irrita- 
b i l i t y ,  paranoia ,  compulsive behavior ,  and sensory h a l l u c i n -  
a t i o n s .  Schre ine r  descr ibed  c a s e  s t u d i e s  of p a t i e n t s  who 
experienced a  r e v e r s a l  of t h e s e  symptoms fol lowing t r e a t -  
ment by hemodialysis .  33 
2 9 ~ a r v e y  A. Feldman and I rwin  S inger ,  ItEndocrinology 
and Metabolism i n  Uremia and D i a l y s i s :  A C l i n i c a l  Review," 
Medicine 54 (September 1975):345. 
3 0 ~ u r t  zman and Martinez-Maldonado, Pathophysiology of 
t h e  Kidney, p .  865. 
31~ampers e t  a l .  , Long-Term Hemodialysis, p .  189. 
3 2 ~ e l l e r s  and Massry, Uremia and D i a l y s i s ,  p .  273. 
3 3 ~ e o r g e  E . Schre ine r ,  "Mental and P e r s o n a l i t y  
Changes i n  t h e  Uremic Syndrome,!' Medical Annals of t h e  
D i s t r i c t  of Columbia 28 (June  1959):316. 
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Wright ca tegor ized  t h e  psychological  s t r e s s e s  experi-  
enced by t h e  p a t i e n t  with chronic  r e n a l  f a i l u r e  on mainte- 
nance hemodialysis . The t h r e e  c a t e g o r i e s  were : ( 1) a c t u a l  
o r  th rea tened  l o s s e s ,  inc lud ing  body f u n c t i o n ,  membership i n  
s o c i a l  and work groups,  changes i n  l i f e  s t y l e ,  and l o s s  of 
job and f i n a n c i a l  s t a t u s ;  ( 2 )  i n j u r y  o r  t h r e a t  of i n j u r y ;  
and ( 3 )  f r u s t r a t i o n  i n  d r i v e s ,  such a s  d i e t a r y  r e s t r i c t i o n s  
and changes i n  sexual  potency and d e s i r e s .  34 
D r .  Abram i s  a p s y c h i a t r i s t  who has ex tens ive ly  
s t u d i e d  t h e  e f f e c t s  of maintenance hemodialysis upon 
p a t i e n t s ,  f a m i l i e s ,  and d i a l y s i s  s t a f f s .  Using psychologi- 
c a l  t e s t i n g  and in te rv iews ,  A b r a m  i d e n t i f i e d  f o u r  phases of  
a d a p t a t i o n  experienced by t h e  p a t i e n t  on r c u t i n e  hemodial- 
y s i s .  
He d e s c r i b e s  p a t i e n t s  who have been t r e a t e d  by hemo- 
d i a l y s i s  f o r  a t  l e a s t  t h r e e  months i n  Fhase I V :  The 
S t rugg le  f o r  Normalcy - "The Problem of  Living Rather than  
Dying." A t  t h i s  s t a g e  t h e  p a t i e n t  has begun t o  acknowledge 
t h e  r e a l i t i e s  of h i s  s i t u a t i o n  and cont inues  t o  r e s o l v e  t h e  
c o n f l i c t s  he i s  experiencing.  A b r a m  s t a t e s  t h a t  p a t i e n t s  
i n  t h i s  phase who s l e e p  through t h e  d i a l y s i s  procedure may 
be e x h i b i t i n g  a decrease  i n  t h e i r  concern f o r  i n j u r y  o r  
complicat ion during d i a l y s i s .  35 
3 4 ~ o b e r t  G.  Wright, P a t r i c i a  Sand, and Coodhue 
Liv ings ton ,  t tPsychological  S t r e s s  During Hernodialysis f o r  
Chronic Renal F a i l u r e ,  I t  Annals of I n t e r n a l  Medicine 64 
(March 1966) :611 .  
" ~ a r r y  S .  Abram, "The P s y c h i a t r i s t ,  t h e  Treatment of 
Chronic ~ e n a l - ~ a i l u r e  and t h e  ~ r o l o n g a t i o n - o f  L i f e :  11," 
American Journa l  of Psychia t ry  126 (August 1969):157. 
Levy found t h a t  t h e  p a t i e n t  d isp layed marked f luc tua -  
t i o n s  i n  h i s  sense  of pPLysical and emotional well-being 
dur ing  t h e  per iod  of long-term adap ta t ion .  36 A chronic  
r e n a l  f a i l u r e  p a t i e n t  d e s c r i b e s  h i s  t rea tment :  
Though my con tac t  with t h e  machine i s  f o r  
only  t h i r t y  hours a week, i t  i s  seldom, i f  
eve r ,  completely out  of my mind. I t  main- 
t a i n s  a powerful,  almost f r i g h t e n i n g  hold 
on my l i f e .  Were it  not  f o r  t h e  kidney I 
wouldn ' t  be here  t o  w r i t e  t h i s  and y e t  I 
f i n d  i t  impossible  t o  make f r i e n d s  with 
t h e  monster.37 
Decreased kidney func t ion  a f f e c t s  a l l  body systems. 
Disturbances i n  body func t ion  may be prevented o r  reversed  
by t rea tment  on hemodialysis.  However, d e s p i t e  t h e  improve- 
rr.ent of body c h e m i s t r i e s  dur ing  d i a l y s i s ,  t h e  p a t i e n t  may 
experience a temporary and sudden d e c l i n e  i n  c l i n i c a l  
s t a t u s  during t h e  d i a l y s i s  procedure.  
Although an improvement i n  the  p a t i e n t ' s  c l i n i c a l  
s t a t u s  i s  expected dur ing  d i a l y s i s ,  t h e  p a t i e n t  may experi-  
ence symptoms which a r e  s i m i l a r  t o  t h e  man i fes ta t ions  of 
chronic  r e n a l  f a i l u r e  such as l e t h a r g y ,  nausea,  vomiting, 
confus ion ,  muscle twi t ch ing ,  convuls ions ,  and coma. These 
c l i n i c a l  s i g n s  improve fol lowing t e rmina t ion  of t h e  pro- 
cedure.  The sudden onse t  of temporary symptoms occurr ing  
36~orman B. Levy, "The Psychology and Care of t h e  
Maintenance Hemodialysis P a t i e n t , "  Heart  and Lung 2 
(May/June 1973) : 400. 
3 7 ~ a r r y  S.  A b r a m ,  "The P s y c h i a t r i s t ,  t h e  Treatment 
of Chronic Renal F a i l u r e  and t h e  Prolongat ion of  L i fe :  I,'' 
American Journal  of Psychia t ry  124 ( A p r i l  1968):1354. 
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dur ing  d i a l y s i s  w a s  f i r s t  descr ibed  by Kennedy. He r e f e r r e d  
t o  t h e  syndrome as t h e  d i a l y s i s  d i sequ i l ib r ium syndrome. 38  
D i a l y s i s  Disequi l ibr ium Syndrome 
The d i a l y s i s  d i sequ i l ib r ium syndrome w a s  f irst  
descr ibed  by Kennedy i r i  1962. He observed a v a r i e t y  of 
t r a n s i e n t  symptoms which occurred dur ing  hemodialysis .  The 
symptoms inc luded headache, muscle twi tching  and confusion.  
Each p a t i e n t  who experienced t h e s e  symptoms w a s  a chronic  
r e n a l  f a i l u r e  p a t i e n t  with a plasma u rea  l e v e l  g r e a t e r  than 
400 mg% p r i o r  t o  hemodialysis.  D i a l y s i s  occurred over  3% - 
5 %  hours ,  reducing t h e  u r e a  l e v e l s  t o  170 - 220  mg%. 39 
Subsequent r e p o r t s  s u b s t a n t i a t e d  Kennedy's f ind-  
ings .  40 ~ a n i f e s t a t i o h s  observed inc luded headache, nausea,  
vomiting, t remors,  d i s o r i e n t a t i o n ,  convuls ive  s e i z u r e s ,  and 
coma. The d i s o r d e r  c h a r a c t e r i z e d  by t h e s e  symptoms was 
named t h e  d i a l y s i s  d i sequ i l ib r ium syndrome. 
Although t h e  symptoms of t h e  syndrome were observed 
r o u t i n e l y  i n  d i a l y s i s  c e n t e r s ,  t h e  e t i o l o g y  of  the  syndrome 
remained c o n t r o v e r s i a l .  I n  1969 W a k i ~  reviewed t h e  c u r r e n t  
concepts  regarding  t h e  pa thophys io logica l  mechanisms 
involved i n  t h e  product ion of t h e  c l i n i c a l  symptcms. The 
concepts  repor ted  were: (1) c e r e b r a l  edema due t o  the  
38~ennedy  e t  a l . ,  "Urea Levels ,  p .  410. 
3 9 ~ b i d . ,  p .  410. 
40~aki rn ,  " D i a l y s i s  Disequi l ibr ium Syndrome, " p .  425.  
" rever se  u rea  e f f e c t ,  u41 ( 2 )  hypoglycemia, ( 3 )  a l t e r a t i o n s  
i n  pC02 t e n s i o n ,  ( 4 )  inc rease  i n  potassiurn/calcium r a t i o  and 
s h i f t  i n  e l e c t r o l y t e s ,  ( 5 )  overhydra t ion ,  and ( 6 )  s i g n i f i -  
c a n t  hyponatremia. The common mechanism of  each concept i s  
t h e  r ap id  biochemical changes which occur  during d i a l y s i s .  42 
Tyler  noted t h a t  neurologic  symptoms which occurred during 
hemodialysis were caused by rap id  changes i n  pH o r  s h i f t s  
i n  e l e c t r o l y t e s ,  r e g a r d l e s s  of whether t h e  s h i f t  was i n  t h e  
d i r e c t i o n  of improvement. 43 In  1976 Klinkrnan documented 
c e r t a i n  biochemical changes which occurred i n  uremia and 
during d i a l y s i s .  He found t h a t  hemodialysis i n t e r f e r e d  wi th  
t h e  pathophysiologic  equi l ibr ium which t a k e s  p l a c e  i n  t h e  
uremic i n d i v i d u a l .  44 
More r e c e n t l y ,  Graefe and h i s  a s s o c i a t e s  (1978) com- 
pared t h e  e f f e c t s  of hemodialysis us ing  d i a l y s a t e  con ta in ing  
a c e t a t e  i o n  o r  b icarbonate  ion .  The s tudy showed an 1 i 
i n c r e a s e  i n  c l i n i c a l  symptoms of the  d i a l y s i s  d i sequ i l ib r ium 
syndrome i n  t h e  group of p a t i e n t s  d ia lyzed  a g a i n s t  t h e  
' ' ~ e n n e d ~  and a s s o c i a t e s  ( 1 9 6 2 )  f i r s t  proposed t h e  
concept of t h e  Ifreverse u rea  e f f e c t  . I 1  They a t t r i b u t e d  t h e  
c l i n i c a l  symptoms of t h e  d i a l y s i s  d i sequ i l ib r ium syndrome t o  
c e r e b r a l  edema induced by t h e  osmotic g r a d i e n t  t h a t  r e s u l t s  
when u r e a  i s  removed from t h e  ce rebrosp ina l  f l u i d  and t h e  
b r a i n  more s lowly than t h e  blood. 
4 2 ~ a k i m ,  "Dia lys i s  Disequi l ibr ium Syndrome, p .  425. 
4 3 ~ y l e r ,  nNeurologic Complications,  " p .  739. 
4 4 ~ o r s t  Klinkman, "The Dysequilibrium Syndrome i n  
Experimental H e m o d i a l y ~ i s , ~ ~  Transac t ions  of t h e  American 
Socie ty  f o r  A r t i f i c i a l  Organs 16 (1970):532. 
a c e t a t e - c o n t a i n i n g  d i a l y s i s .  This  group a l s o  showed a 
d e c r e a s e  i n  pC02 l e v e l s  and b i c a r b o n a t e  l e v e l s  d u r i n g  
d i a l y s i s .  B ica rbona te  l e v e l s  r o s e  s h a r p l y  a f t e r  termina- 
t i o n  of  t h e  d i a l y s i s  procedure .  The i n v e s t i g a t o r s  main- 
t a i n e d  plasma o s m o l a l i t y  du r ing  d i a l y s i s  by adding  u r e a  t o  
t h e  d i a l y s a t e .  
Graefe  proposes  t h a t  t h e  adve r se  e f f e c t s  o f  t h e  
a c e t a t e  d i a l y s i s  may be a t t r i b u t e d  t o  t h e  change i n  ac id-  
b a s e  ba l ance  o r  t h e  d i r e c t  t o x i c  e f f e c t s  of  t h e  a c e t a t e  
i o n .  45 
Regard le s s  o f  t h e  e t i o l o g y  of  t h e  syndrome, a  phenom- 
enon which has  been observed f r e q u e n t l y  i s  t h e  osmotic gra-  
d i e n t  between t h e  b r a i n  and t h e  plasma a t  t h e  end o f  d i a l -  
y s i s .  I n  1962 S i t p r i j a  and Holmes no ted  an i n c r e a s e  i n  
i n t r a c r a n i a l  f l u i d  p r e s s u r e  i n  mongrel dogs du r ing  hemo- 
d i a l y s i s .  This  i n c r e a s e  i n  i n t r a c r a n i a l  p r e s s u r e  w a s  co r -  
r e l a t e d  w i t h  a r e d u c t i o n  i n  serum o s m o l a l i t y  and an i n c r e a s e  
i n  t h e  sodium b i c a r b o n a t e  i n  t h e  b a t h  d i a l y s a t e .  46 Kennedy 
a t t r i b u t e d  t h e  symptoms of t h e  d i a l y s i s  d i s e q u i l i b r i u m  
syndrome t o  an  osmotic g r a d i e n t  c r e a t e d  by t h e  de layed  
c l e a r a n c e  of  u r e a  from t h e  b r a i n  and c e r e b r o s p i n a l  f l u i d .  47 
4 5 ~ .  Graefe  e t  a1 . , "Less Dia lys i s - Induced  Morbid i ty  
and Vascular  I n s t a b i l i t y  w i t h  Bicarbona te  i n  D i a l y s i s , "  
Annals of I n t e r n a l  Medicine 88 ( ~ a y  1978):332.  
4 6 ~ i t p r i  ja and Holrnes, " I n t r a c r a n i a l  P r e s s u r e  and 
I n t  r a o c u l a r  P r e s s u r e ,  I t  p . 302. 
4 7 ~ e n n e d y  e t  a1 . , "Urea Leve l s ,  " p .  410. 
P e t e r s o n  and Swanson suppor t ed  Kennedy's  f i n d i n g s .  They 1 1 
proposed t h a t  t h e  removal o f  u r e a  c a u s e s  t h e  d i l u t i o n  of t h e  
e x t r a c e l l u l a r  f l u i d .  I n  an e f f o r t  t o  ma in t a in  e q u i l i b r i u m ,  
w a t e r  moves i n t o  t h e  c e l l .  When t h i s  o c c u r s  i n  t h e  b r a i n ,  
c e r e b r a l  edema r e s u l t s .  It  i s  b e l i e v e d  t h a t  t h e  c e r e b r a l  
edema i s  r e s p o n s i b l e  f o r  t h e  m a n i f e s t a t i o n s  o f  t h e  symp- 
48 .* toms. 
I n  1975 DiMat t io  s t u d i e d  t h e  e f f e c t s  of changes  i n  
serum o s m o l a l i t y  on t h e  b u l k  f low of  f l u i d  i n t o  t h e ' c e r e b r a l  
v e n t r i c l e s .  During ep i sodes  o f  induced hypo-osmolal i ty ,  
b u l k  f low r a t e  i n c r e a s e d  and b r a i n  w a t e r  c o n t e n t  i n c r e a s e d  I 
r e s p e c t i v e l y .  He s u p p o r t s  t h a t  i t  i s  t h e  osmot ic  g r a d i e n t  
between b lood  and t h e  b r a i n  and c e r e b r o s p i n a l  f l u i d - w h i c h  I 
i s  r e s p o n s i b l e  f o r  t h e  i n c r e a s e  i n  b u l k  .flow and t h e  b r a i n  
wa te r  c o n t e n t .  49 
S t u d i e s  s i n c e  1969 have p r i m a r i l y  been d i r e c t e d  
towards t h e  p r e v e n t i o n  o f  t h e  c l i n i c a l  symptoms of  t h e  
d i a l y s i s  d i s e q u i l i b r i u m  syndrome. Dura t i on  and r a t e  o f  
d i a l y s i s  have been examined i n  an e f f o r t  t o  p r e v e n t . t h e  
r a p i d  removal o f  s o l u t e  d u r i n g  t h e  p rocedure .  A r i e f f  h a s  
examined t h e  e f f e c t s  o f  rapid5'  and slow51 hemod ia ly s i s .  I n  
4 8 ~ e t e r s o n  and Swanson, "Acute Encephalopathy, I tp .  879. 
4 9 ~ o s e p h  DiMat t io ,  " E f f e c t s  o f  Changes i n  Serum , - .  
Osmolar i ty  on Bulk Flow o f  F l u i d  i n t o  C e r e b r a l  V e n t r i c l e s  
and on   rain Water Con ten t , "  P f l u g e r s  Archives  359 ( 1 9 7 5 ) :  
253. 
5 0 ~ h e  d u r a t i o n  of  r a p i d  hemod ia ly s i s  w a s  100 minutes  
a t  a blood f low r a t e  of  12 ml/kg/minute .  
5 1 ~ h e  d u r a t i o n  of slow hemodia lys i s  w a s  200 minutes  
a t  a blood f low r a t e  o f  5  ml/kg/minute .  
dogs t r e a t e d  w i t h  r a p i d  hemod ia ly s i s ,  s e i z u r e s  occu r r ed .  I n  
t h e s e  dogs t h e  b r a i n  o s m o l a l i t y  w a s  s i g n i f i c a n t l y  h i g h e r  
t h a n  t h a t  o f  t h e  plasma o s m o l a l i t y  a t  t h e  end o f  t h e  d i a l y -  
s is .  During s low d i a l y s i s  t h e  s e i z u r e  a c t i v i t y  d i d  n o t  
o c c u r ,  and t h e r e  w a s  n o t  a s i g n i f i c a n t  d i f f e r e n c e  between 
t h e  b r a i n  o s m o l a l i t y  and t h e  plasma o s m ~ l a l i t ~ . ~ ~  I n  c l i n i -  
c a l  p r a c t i c e  Mayrier  no t ed  a d e c r e a s e  i n  t h e  occu r r ence  of  
c l i n i c a l  c o m p l i c a t i o n s  d u r i n g  hemodia lys i s  when t h e  d u r a t i o n  
of  d i a l y s i s  and t h e  blood f low r a t e  were reduced.  53 
The i n f u s i o n  o f  h y p e r t o n i c  s o l u t i o n s  and t h e  a d d i t i o n  
of h y p e r t o n i c  s o l u t i o n s  t o  t h e  d i a l y s a t e  d u r i n g  d i a l y s i s  h a s  
been a t t emp ted  i n  o r d e r  t o  p r e v e n t  a r a p i d  f a l l  i n  plasma 
o s m o l a l i t y .  Urea,  f r u c t o s e ,  g l u c o s e ,  sodium c h l o r i d e ,  and 
g l y c e r o l  have been used as o s m o t i c a l l y  a c t i v e  s u b s t a n c e s  t o  
p r e v e n t  t h e  r a p i d  f a l l  i n  plasma o s m o l a l i t y  d u r i n g  d i a l y s i s .  
Hagstam documented t h e  p re sence  of  compla in t s  d u r i n g  
d i a l y s i s  wh i l e  a d m i n i s t e r i n g  manni to l  i n f u s i o n s  and p lacebo  
i n f u s i o n s .  He observed a d e c r e a s e  i n  t h e  m a n i f e s t a t i o n s  o f  
t h e  d i a l y s i s  d i s e q u i l i b r i u m  syndrome i n  t h e  exper imenta l  
group.  There w a s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  d e c r e a s e  
i n  plasma o s m o l a l i t y  d u r i n g  d i a l y s i s  between t h e  groups .  I n  
t h e  manni to l  s e r i e s  t h e  plasma o s m o l a l i t y  f e l l  17 mOsm/kg. 
The o s m o l a l i t y  f e l l  26 m0sm/kg i n  t h e  p lacebo  group 
5 2 ~ l l e n  A r i e f f  e t  a l . ,  "Bra in  Water and E l e c t r o l y t e  
Metabolism i n  Uremia: E f f e c t s  o f  Slow and Rapid Hemodialy- 
s i s , "  Kidney I n t e r n a t i o n a l  4 (1973) :177 .  
5 3 ~ a y r i e r  e t  a l . ,  " D i a l y s i s  D i sequ i l i b r ium Syndrome, " 
p.  313. 
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( p  < 0 .01 ) .  54 P o r t  w a s  s u c c e s s f u l  i n  p reven t ing  t h e  symp- 
toms of  t h e  syndrome i n  n i n e  p a t i e n t s  who were d i a l y z e d  
w i t h  a h i g h  sodium d i a l y s a t e .  The p a t i e n t s  i n  t h e  c o n t r o l  
group exper ienced  a marked d e c r e a s e  i n  plasma o s m o l a l i t y .  55 3 
Rodrigo found a d e c r e a s e  i n  t h e  c l i n i c a l  symptoms o f  
t h e  d i a l y s i s  d i s e q u i l i b r i u m  syndrome by t h e  u s e  of  a h i g h  
. . '  
g lucose  c o n c e n t r a t i o n  d i a l y s a t e  and /o r  manni to l  i n f u s i o n s .  
The plasma o s m o l a l i t y  i n  t h e  c o n t r o l  group f e l l  10  mOsm/kg. 
I n  t h e  exper imenta l  group t h e  o s m o l a l i t y  f e l l  5.2 mOsm/kg. 56 
Th.e e t i o l o g y  of t h e  d i a l y s i s  d i s e q u i l i b r i u m  syndrome 
remains i n c o n c l u s i v e .  The mechanisms which may be respon- 
s i b l e  f o r  t h e  m a n i f e s t a t i o n s  of  t h e  syndrome a r e  t h e  r a p i d  
biochemical  changes which occur  d u r i n g  hemodia lys i s .  and 
t h e  osmotic g r a d i e n t  which e x i s t s  between t h e  b r a i n  and 
blood a t  t h e  end of  t h e  d i a l y s i s  p rocedure .  
S t u d i e s  performed t o  f i n d  a s a t i s f a c t o r y  means f o r  
. . 
preven t ing  t h e  symptoms o f  t h e  d i a l y s i s  d i s e q u i l i b r i u m  
syndrome have suppor ted  t h e  concept  t h a t  a change occu r s  i n  
serum o s m o l a l i t y  du r ing  t h e  d i a l y s i s  p rocedure .  Researchers  
have found t h . a t  i f  a marked d e c r e a s e  i n  serum o s m o l a l i t y  i s  
p reven ted ,  t h e r e  i s  a dec rease  i n  t h e  c l i n i c a l  symptoms of  
t h e  d i a l y s i s  d i s e q u i l i b r i u m  syndrome. However, no s tudy  
pub l i shed  a t  t h i s  t ime  looked a t  t h e  s p e c i f i c  r e l a t i o n s h i p  
. -  - 
54~agstam e t  a l . ,  "Mannit01 I n f u s i o n , "  p .  257. 
5 5 ~ o r t  e t  a l . ,  "High Sodium Concen t r a t i on  i n  t h e  
D i a l y s a t e , "  p .  327.  
5 6 ~ o d r i g o  e t  a l . ,  "Osmolal i ty  Changes, p .  554. 
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between the change in serum osmolality and the clinical 
manifestations of the syndrome. 
Clinical Significance of Serum Osmolality 
Serum osmolality is the concentration of dissolved 
ionized particles per unit volume of aqueous solution. The 
osmolality of the fluid in each body compartment--intra- 
vascular, interstitial, and intracellular--is approximately 
300 mOsm/l of H 2 0  Osmotic equilibrium between fluid com- 
partments is maintained by the process of osmosis. 57 
When there is a difference in osmolality between two 
fluid compartments, water moves rapidly from the area of 
less osmolality to the area of greater osmolality. This 
rapid movement of water is responsible for the state of 
osmotic equilibrium between the fluid compartments. 
In abnormal fluid states, the cell and its environ- 
ment maintain csmotic equilibrium by the process of osmosis. 
When the cell is within a hypotonic environment, water moves 
into the cell in an attempt to achieve a state of equilib- 
rium. Grantham has reviewed the literature concerning the 
pathophysiology of hyposmolar conditions. 58 
Symptoms associated with acute induction of hypo- 
osmolality include weakness, lethargy, confusion, delirium, 
"'~rthur C. Guyton, Textbook of Medical Physiology 
(~hiladelphia: W.B. Saunders Co., 1971), p. 387. 
58~ared J. Grantham, "Pathophysiology of Hyposmolar 
Conditions: A Cellular Perspective," in Disturbances in 
Body Fluid Osmolality, ed. Thomas E. Andreoli, Jared J. 
Grantham, and Floyd C. Rector, Jr. (Bethseda: American 
Physiological Society, 1977), p. 217. 
muscle twitching, impaired mentation and convulsions. 
Arieff proposes that the neurological symptoms of the hypo- 
osmolar state result from a balance between the gain in 
brain water and the loss of brain electrolytes, specifically 
potassium and chloride ions. 5 9  
The brain also undergoes adaptation to hyperosmolar 
states. Oakley describes a case study in which the patient 
presents with hyperosmolar nonketotic coma and a serum 
osmolality of 366 mOsm/l. Symptoms observed included 
altered mental status, lethargy, anorexia, nausea, and 
vomiting. The hyperosmolar state results in cellular dehy- 
dration, the primary cause of death. 60 
Arieff reviewed the literature regarding the patho- 
physiology of hyperosmolar states. 61 The hyperosmolar state 
which exists in the chronic renal failure patient is usually 
associated with an increase in the plasma concentration of 
urea. In 1969 Hagstam found that the serum osmolality in 
his chronic renal failure patients prior to hemodialysis was 
"~llen I. Arieff, Francisco Llach, and Shaul G. 
Massry , "Neurological Manifestations and Morbidity of 
Hyponatremia: Correlation with Brain Water and Electro- 
lytes,I1 ~edicine 55  a arch 1976):121. 
60~avid E. Oaklev and Philip P. Ellis. tlGlvcerol and 
Hyperosmolar ~onketot ic- Coma, AmeEican ~ournal of 
Opthalmology 81 (April 1976):470. 
61~llen I. Arieff, Raul Guisado, and Virginia C. 
Lazarowitz, I1Pathophysiology of Hyperosmolar States," in 
Disturbances in Body Fluid Osmolality, eds. Thomas E. 
Andreoli, Jared J .  Grantham, and Floyd C . Rector, Jr. 
(Bethseda: American Physiological Society, 1977), p. 227. 
320 m O s m / l .  62  The p a t i e n t s  i n  t h e  Rodrigo s t u d y  (1977)  had 
serum o s m o l a l i t i e s  rang ing  from 307 - 318 r n O s m / l  p r i o r  t o  
d i a l y s i s .  63 
I n  1959 Mart ino r e p o r t e d  t h a t  changes i n  serum osmol- 
a l i t y  occu r  du r ing  hemod ia ly s i s .  He found t h a t  t h e  serum 
o s m o l a l i t y  may i n c r e a s e  o r  d e c r e a s e  d u r i n g  t h e  d i a l y s i s  pro- 
c  edure  . 64 Hagstam r e p o r t e d  a f a l l  i n  serum o s m o l a l i t y  o f  
17 2 2  m O s m / l  i n  p a t i e n t s  r e c e i v i n g  manni to l  i n f u s i o n s  dur-  
i n g  d i a l y s i s .  I n  p a t i e n t s  d i a l y z e d  a g a i n s t  a low sodium and 
0.9% g lucose  d i a l y s a t e ,  t h e  serum o s m o l a l i t y  dec reased  
26 i 3  m O s m / l .  65 
I n  1973 P o r t  observed a d e c r e a s e  i n  t h e  serum osmol- 
a l i t y  of 25 2 12 .9  m O s m / l  i n  a c o n t r o l  group.  I n  p a t i e n t s  
d i a l y z e d  w i t h  a h i g h  c o n c e n t r a t i o n  sodium d i a l y s a t e  t h e  f a l l  
i n  serum o s m o l a l i t y  w a s  5 . 8  i 2.7 r n O s m / l .  66 I n  1977 Rodrigo 
r e p o r t e d  a d e c r e a s e  of  10  m O s m / l  i n  h i s  c o n t r o l  group and a 
f a l l  o f  5 .2  m O s m / l  i n  p a t i e n t s  d i a l y z e d  a g a i n s t  a h i g h  
g lucose  d i a l y s a t e .  67 
62~agstarn e t  a l . ,  ItMannitol I n fus ion , I1  p. 260. 
6 3 ~ ~ d r i g ~  e t  a l . ,  "Osmola l i ty  Changes, " p .  555. 
6 4 ~ a r t i n o  and Kelemen, "Changes i n  Serum Osmola l i ty  
and i n  Blood Urea , "  p. 114. 
65~agstam e t  a l . ,  "Mannit01 I n f u s i o n , I 1  p .  260. 
6 6 ~ o r t  e t  a l . ,  "High Sodium Concen t r a t i on  i n  t h e  
D i a l y s a t e ,  p. 3 2 9 .  
6 7 ~ c d r i g o  e t  a l . ,  HOsrnola l i ty  Changes, " p .  554. 
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The fol lowing major p o i n t s  have been presented  i n  t h e  
l i t e r a t u r e  review: 
1. A f requent  and dangerous complicat ion of hemo- 
d i a l y s i s  i s  t h e  d i a l y s i s  d i sequ i l ib r ium syndrome. 
2 .  Symptoms of t h e  d i a l y s i s  d i sequ i l ib r ium syndrome 
a r e  s i m i l a r  t o  t h e  c l i n i c a l  s i g n s  of chronic  r e n a l  f a i l u r e .  
Symptoms of t h e  syndrome occur during t h e  d i a l y s i s  procedure 
and u s u a l l y  subs ide  fol lowing t e rmina t ion  of t h e  procedure.  
3. Changes i n  serum osmola l i ty  occur during the  
d i a l y s i s  procedure.  
4. Experimental s t u d i e s  d i r e c t e d  towards t h e  pre- 
ven t ion  of t h e  c l i n i c a l  symptoms of t h e  syndrome have sug- 
ges ted  c o r r e l a t i o n  between t h e  number of c l i n i c a l  symptoms 
experienced by t h e  p a t i e n t  during hemodialysis and t h e  
change i n  serum osmola l i ty .  
5. When prevent ing  a  marked decrease i n  serum 
osmola l i ty  during hemodialysis,  r e sea rcher s  observed a 
decrease  i n  t h e  occurrence of c l i n i c a l  symptoms of  t h e  
d i a l y s i s  d i sequ i l ib r ium syndrome. 
6 .  No publ ished s tudy a t  t h i s  time has examined t h e  
s p e c i f i c  r e l a t i o n s h i p  between t h e  change i n  serum osmola l i ty  
and t h e  occurrence of c l i n i c a l  symptoms of t h e  d i a l y s i s  d i s -  
equi l ibr ium syndrome during hemodialysis.  
CHAPTER I11 
METHODOLOGY 
Hemodialysis has  proved t o  be a  success fu l  t rea tment  
f o r  the  p a t i e n t  with end-stage rena l  f a i l u r e .  However, t h e  
procedure i s  not  without i t s  complicat ions.  The most f r e -  
quent and dangerous complicat ion of hemodialysis i s  t h e  
d i a l y s i s  d i sequ i l ib r ium syndrome. 
The e t i o l o g y  of t h e  syndrome remains unc lea r .  How- 
eve r ,  r e sea rch  bas shown t h a t  t h e r e  i s  a  change i n  t h e  serum 
osmola l i ty  during t h e  d i a l y s i s  procedure. Rodrigo observed 
t h a t  t h e  c l i n i c a l  s i g n s  of t h e  d i a l y s i s  d i sequ i l ib r ium 
syndrome decl ined  i n  p a r a l l e l  t o  a decrease  i n  serum osmol- 
a l i t y .  1 
It w a s  t h e  purpose of t h i s  study t o  determine i f  a  
r e l a t i o n s h i p  e x i s t e d  between t h e  change i n  serum osmola l i ty  
and t h e  number of c l i n i c a l  symptoms of t h e  d i a l y s i s  d i s -  
equi l ibr ium syndrome. 
S e t t i n g  
The sample f o r  t h i s  s tudy was s e l e c t e d  from t h e  
chronic  r e n a l  f a i l u r e  p a t i e n t s  r ece iv ing  maintenance hemo- 
d i a l y s i s  i n  t h e  Renal D i a l y s i s  Unit of  an urban medical 
' ~ o d r i ~ o  e t  a l . ,  "Osrnolality Changes," p .  554. 
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c e n t e r  loca ted  i n  a sou theas te rn  c i t y .  Subject  d a t a  f o r  
t h i s  s tudy were c o l l e c t e d  from May 2 5 ,  1978 t o  June 30, 
1978. 
The Renal D i a l y s i s  Unit i s  an eight-bed u n i t .  The 
u n i t  meets t h e  needs of a v a r i e t y  of i n d i v i d u a l s  r e q u i r i n g  
hemodialysis  t rea tment .  One group r o u t i n e l y  r e c e i v e s  main- 
tenance hemodialysis t rea tment  a t  t h i s  u n i t .  A second group 
of  p a t i e n t s  r e c e i v e  hemodialysis t rea tment  f o r  a c u t e  epi-  
sodes of r e n a l  f a i l u r e  as i n - p a t i e n t s  a t  t h e  medical c e n t e r .  
A t h i r d  group of chronic  r e n a l  f a i l u r e  p a t i e n t s  a r e  in-  
p a t i e n t s  of t h e  medical c e n t e r  who r o u t i n e l y  r e c e i v e  t h e i r  
d i a l y s i s  t rea tment  a t  o t h e r  d i a l y s i s  u n i t s .  While p a t i e n t s  
a t  t h e  medical c e n t e r ,  t h e s e  p a t i e n t s  r ece ive  hemodialysis 
t r ea tmen t s  at  t h e  Renal D i a l y s i s  Unit w i t h i n  t h e  medical 
c e n t e r .  The i n d i v i d u a l s  r e t u r n  t o  t h e i r  former d i a l y s i s  
c e n t e r  fo l lowing d ischarge  from t h e  medical c e n t e r .  
The s u b j e c t s  f o r  t h i s  s tudy were s e l e c t e d  from t h e  
group of chronic  r e n a l  f a i l u r e  p a t i e n t s  who r o u t i n e l y  
r ece ive  maintenance hemodialysis a t  t h e  Renal D i a l y s i s  Unit  
i n  t h e  medical c e n t e r .  
Data Source 
Serum osmola l i ty  measurements and c l i n i c a l  symptom 
f requencies  were taken during 28 s e p a r a t e  d i a l y s i s  pro- 
cedures  conducted on 11 p a t i e n t s  who consented t o  p a r t i c i -  
p a t e  i n  t h i s  s tudy.  
Each s u b j e c t  i n  t h i s  s tudy had been rece iv ing  hemo- 
d i a l y s i s  t rea tment  f o r  a t  l e a s t  t h r e e  months. P a t i e n t s  with 
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a positive Australian Antigen were not included in this 
study in order to avoid cross-contamination of patients 
through collection of the blood samples by the investigator. 
The age range of the sample was 23 to 60 years with 
a mean age of 42 years. Eight females and three males par- 
ticipated in the study. The medical director of this unit 
stated that the population of the unit is representative o f  
chronic renal failure patients receiving hemodialysis 
within the United States. 
Nursing Personnel 
All classifications of nursing personnel employed in 
the Renal Dialysis Unit, including RN, LPN, and dialysis 
technicians, were responsible for monitoring the patients 
during the dialysis procedure. All nursing personnel con- 
sented to participate in this study. Participation in the 
study included observation and documentation of patient's 
clinical symptoms during the dialysis procedure. 
Instrument 
The tools used in this study were constructed by the 
investigator. The list of symptoms included in each tool, 
Symptoms Experienced by the Patient While Receiving Hemo- 
dialysis (Appendix C )  and Patient Symptoms Observed by the 
. .  * - 
Nurse During Hemodialysis (Appendix D), was obtained from 
the observations made by the dialysis nurses in the Hagstam 
study. 2 
2~agstam et al., tlMannitol Infusion,It p. 258. 
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The t o o l s  have n o t  been t e s t e d  f o r  r e l i a b i l i t y  and 
v a l i d i t y .  I n t e r - r a t e r  r e l i a b i l i t y  w a s  measured as descr ibed  
by Kazdin. 3 
Procedure 
Wri t ten  permission w a s  obtained t o  conduct t h i s  s tudy 
from t h e  D i r e c t o r  of Nursing Serv ices  a t  t h e  Medical c e n t e r  
- .  . 
and t h e  Medical D i r e c t o r  of t h e  Renal D i a l y s i s  Uni t .  Each 
s u b j e c t  and a l l  nurs ing  personnel  p a r t i c i p a t i n g  i n  t h i s  study 
read and s igned t h e  consent  form. 
P r i o r  t o  i n i t i a t i o n  of t h e  d i a l y s i s  procedure,  t h e  
i n v e s t i g a t o r  asked each s u b j e c t  t o  check each symptom which 
w a s  being experienced a t  t h a t  time on t h e  t o o l  Symptoms 
Experienced by t h e  P a t i e n t  While Receiving Hemodialysis. 
Only those  symptoms which occurred during t h e  d i a l y s i s  pro- 
cedure and d i d  n o t  e x i s t  p r i o r  t o  t h e  d i a l y s i s  procedure 
were considered symptoms of t h e  d i a l y s i s  d i sequ i l ib r ium 
syndrome. 
The p a t i e n t  c h e c k l i s t  w a s  p laced  convenient t o  t h e  
p a t i e n t ' s  reach ,  but  no t  i n  view o f  t h e  d i a l y s i s  nurse .  The 
p a t i e n t  checked each symptom which occurred dur ing  d i a l y s i s .  
A t  half-hour i n t e r v a l s  t h e  i n v e s t i g a t o r  a s s i s t e d  t h e  p a t i e n t  
t o  mark t h e  c h e c k l i s t .  Blurred v i s i o n ,  f a t i g u e ,  l e t h a r g y ,  
nausea and vomiting, o r  episodes of hypotension r e q u i r i n g  - - - 
a Trendelenburg p o s i t i o n  prevented t h e  p a t i e n t  from marking 
t h e  c h e c k l i s t  without  a s s i s t a n c e .  
3 ~ l a n  E .  Kazdin, Behavioral  Modif icat ion (Homewood, 
I l l . :  The Dorsey P r e s s ,  1975) ,  p. 78. 
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A t  t h e  end of t h e  d i a l y s i s  procedure,  each s u b j e c t  
examined t h e  c h e c k l i s t  t o  v e r i f y  i t s  accuracy. 
The t o o l  P a t i e n t  Symptoms Observed by t h e  Nurse Dur- 
i n g  Hemodialysis w a s  placed i n  t h e  p a t i e n t ' s  d i a l y s i s  c h a r t .  
This w a s  e a s i l y  a c c e s s i b l e  t o  t h e  nurse  and no t  v i s i b l e  t o  
t h e  p a t i e n t .  Each nurse  observed t h e  p a t i e n t  dur ing  d ia ly -  
sis and documented c l i n i c a l  symptoms as they occurred.  
Each d i a l y s i s  procedure w a s  performed according t o  
t h e  procedures and p o l i c i e s  of t h e  Renal D i a l y s i s  Unit .  
A l l  d i a l y z e r s  were connected t o  a  c e n t r a l  u n i t  which 
d e l i v e r s  t h e  d i a l y s a t e .  The i o n i c  composition of t h e  
d i a l y s a t e  i s  sodium - 130 rnEq/l, potassium - 2.0 mEq/l, 
c h l o r i d e  - 101 mEq/l, calcium - 3.0 mEq/l, magnesium - 
1 . 0  mEq/l, and a c e t a t e  - 35 mEq/l. The osmola l i ty  of t h e  
d i a l y s a t e  ranged from 269 t o  273 during t h e  s tudy ~ e r i o d  
and remained cons tan t  during t h e  d i a l y s i s  procedure.  
The d i a l y s i s  nurse  i n s e r t e d  t h e  d i a l y s i s  needles  o r  
prepared t h e  e x t e r n a l  a r t e r iovenous  shunts  f o r  connect ion t o  
t h e  d i a l y z e r .  The i n v e s t i g a t o r  obtained a one cc blood 
sample from t h e  d i a l y s i s  needle  o r  t h e  e x t e r n a l  shunt  f o r  a 
b a s e l i n e  osmola l i ty  p r i o r  t o  connect ion t o  t h e  d i a l y z e r .  
Subsequent one cc blood samples were obtained from t h e  
a r t e r i a l  d i a l y s i s  l i n e s  a t  half-hour  i n t e r v a l s  dur ing  t h e  
d i a l y s i s  procedure.  The f i n a l  sample w a s  ob ta ined  immedi- 
a t e l y  p r i o r  t o  t e rmina t ion  of t h e  procedure.  The d u r a t i o n  
of d i a l y s i s  w a s  n o t  cons tan t .  The number of samples drawn 
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dur ing  d i a l y s i s  w a s  dependent upon t h e  d u r a t i o n  of t h e  pro- 
c  edure . 
Analysis  
Pearson ' s  c o r r e l a t i o n  w a s  used t o  determine t h e  s e l a -  
t i o n s h i p  between t h e  change i n  serum osmola l i ty  and t h e  
t o t a l  number of c l i n i c a l  symptoms experienced dur ing  t h e  
d i a l y s i s  procedure. 
The change i n  serum osmola l i ty  w a s  t h e  d i f f e r e n c e  
between t h e  h ighes t  and lowest osmola l i ty  va lue  obtained 
dur ing  d i a l y s i s .  
Each symptom experienced during d i a l y s i s  t h a t  w a s  
no t  p resen t  a t  t h e  i n i t i a t i o n  of t h e  d i a l y s i s  procedure w a s  
g iven a s c o r e  of one.' The sum t o t a l  of t h e  c l i n i c a l  symp- 
toms occurr ing  during d i a l y s i s  w a s  c a l c u l a t e d .  
CHAPTER I V  
ANALYSIS AND INTERPRETATION OF DATA 
The purpose of t h i s  s tudy w a s  t o  examine t h e  r e l a -  
t i o n s h i p  between changes i n  serum osmola l i ty  and t h e  number 
of c l i n i c a l  s i g n s  and symptoms of t h e  d i a l y s i s  d i s e q u i l i b -  
rium syndrome i n  t h e  p a t i e n t  with end-stage r e n a l  d i s e a s e  
dur ing  hemodialysis . 
Analysis of Data 
Twenty-eight d i a l y s i s  procedures were conducted on 
11 s u b j e c t s .  The d u r a t i o n  of  each d i a l y s i s  ranged from 3% 
t o  f i v e  hours .  Serum osmola l i ty  measurements were obta ined  
p r i o r  t o  i n i t i a t i o n  of  d i a l y s i s ,  a t  half-hour  i n t e r v a l s  dur- 
ing  t h e  procedure,  and p r i o r  t o  te rminat ion  of d i a l y s i s .  
Signs and symptoms which occurred during d i a l y s i s  were 
recorded by t h e  p a t i e n t s  and t h e  nurs ing  personnel .  
Figure 1 d i s p l a y s  t h e  change i n  serum osmola l i ty  and 
t h e  number of c l i n i c a l  symptoms experienced during each 
hemodialysis procedure.  The r e g r e s s i o n  c o e f f i c i e n t  i s  
-0.27 f o r  t h i s  d a t a .  
Serum osmola l i ty  measurements decreased during each 
of t h e  2 8  d i a l y s i s  procedures .  The decrease  i n  serum 
osmola l i ty  ranged from 15 - 38 mOsm/liter ( m O s m / l )  wi th a  
mean of 25.8 2 6 . 2  m O s m / l .  Th i r t een  procedures had 
Figure  1 
NUMBER OF PATIENT REPORTED SYMPTOMS AND 
THE CHANGE I N  SERUM OSMOLALITY 
Change i n  Serum 
Osmola l i ty  (mOsm/ l i t e r )  
o s m o l a l i t y  changes t h a t  were below t h e  mean, and 15 proce- 
d u r e s  had changes i n  serum o s m o l a l i t y  t h a t  were above t h e  
mean. 
The t o t a l  number of  c l i n i c a l  symptoms exper ienced  by 
t h e  p a t i e n t  du r ing  hemodia lys i s  ranged from ze ro  t o  f i v e .  
The t o t a l  number o f  c l i n i c a l  symptoms observed du r ing  d i a l -  
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y s i s  by t h e  nurse  ranged from ze ro  t o  s i x .  The c o r r e l a t i o n  
between t h e  p a t i e n t  response  and t h e  n u r s e s  o b s e r v a t i o n s  
( r  = 0.65 ,  p  ( 0 . 0 1 )  shows agreement between p a t i e n t  and 
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nur se  i n  t h e  r e c o g n i t i o n  and r eco rd ing  of symptoms. 
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The hypothes is  of t h i s  s tudy w a s :  The number of  
c l i n i c a l  symptoms of  t h e  d i a l y s i s  d i sequ i l ib r ium syndrome 
experienced by t h e  chronic  r e n a l  f a i l u r e  p a t i e n t  on hemo- 
d i a l y s i s  w i l l  i n c r e a s e  as t h e  serum osmola l i ty  decreases .  
There w a s  no c o r r e l a t i o n  between t h e  change i n  serum 
osmola l i ty  and t h e  t o t a l  number of c l i n i c a l  symptoms experi-  
enced by t h e  p a t i e n t  dur ing  hemodialysis.  
  here fore ,- the" 
n u l l  hypothes is  could not  be r e j e c t e d .  The hypothes is  t h a t  
t h e r e  w i l l  be an i n c r e a s e  i n  c l i n i c a l  symptoms as t h e  serum 
osmola l i ty  decreases  w a s  n o t  supported by t h e  s tudy r e s u l t s .  
. The hypothes is  w a s  no t  supported by t h e  d a t a  co l -  
l e c t e d  and analyzed f o r  28 hemodialysis procedures.  P a t i e n t  
d a t a  w a s  examined t o  determine i f  s i m i l a r i t i e s  e x i s t e d  f o r  
i n d i v i d u a l  p a t i e n t s  i n  response t o  d i f f e r e n t  d i a l y s i s  pro- 
cedures .  The change i n  serum osmola l i ty  and t h e  number of 
c l i n i c a l  symptoms which occurred dur ing  d i a l y s i s  var ied  
between d i a l y s i s  procedures conducted on t h e  same p a t i e n t .  
F igure  2 d i s p l a y s  t h e  occurrence of each c l i n i c a l  
s i g n  and symptom documented by t h e  p a t i e n t  dur ing  28 d i a l -  
y s i s  procedures.  Sleep o r  f a t i g u e  w a s  experienced dur ing  
11 d i a l y s i s  procedures.  
Figure 3 d i s p l a y s  t h e  occurrence of c l i n i c a l  s i g n s  
and symptoms observed by t h e  nurse  dur ing  28 hemodialysis 
. ,  - - 
procedures.  Headache and hypotension occurred dur ing  seven 
d i a l y s i s  procedures.  Sleep o r  f a t i g u e  w a s  observed dur ing  
s i x  d i a l y s e s .  Muscle cramps were documented dur ing  f i v e  
procedures.  
Figure  2 
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Figure  3 
FREQUENCY OF PATIENT SYMPTOMS OBSERVED BY THE NURSE 
D U R I N G  TWENTY-EIGHT HEMODIALYSIS PROCEDURES 
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Although agreement e x i s t e d  between t h e  p a t i e n t  
responses and t h e  n u r s e s 1  obse rva t ions ,  d i f f e r e n c e s  e x i s t e d  
i n  t h e  responses according t o  s p e c i f i c  symptoms. While 
p a t i e n t s  documented t h e  occurrence o f  s l e e p  o r  f a t i g u e  i n  11 
d i a l y s i s  procedures ,  nu r ses  observed t h i s  symptom i n  only 
s i x  procedures.  Nursest  comments dur ing  t h e  s tudy  pe r iod  
l e d  t h e  i n v e s t i g a t o r  t o  b e l i e v e  t h a t  t h e  n u r s e . d i d  not con- 
s i d e r  s l e e p  o r  f a t i g u e  an adverse e f f e c t  of  d i a l y s i s  and, 
t h e r e f o r e ,  t h e  nurse  tended no t  t o  document t h i s  symptom. 
Nurses repor ted  t h e  occurrence of hypotension i n  
seven d i a l y s i s  procedures.  The p a t i e n t  responses i n d i c a t e  
t h e  occurrence of  " f e e l i n g  f a i n t f 1  i n  only f o u r  d i a l y s e s .  
This d i f f e r e n c e  betwe-en responses shows t h a t  I t f ee l ing  f a i n t t t  
does no t  a c c u r a t e l y  i n d i c a t e  t h e  presence .of hypotension. 
The c o n d i t i o n  of hypotension i s  not  always accompanied by 
t h e  experience of f e e l i n g  f a i n t .  
The average change i n  serum osmola l i ty  p e r  i n t e r v a l  
of time dur ing  d i a l y s i s  w a s  2 . 5  mOsm/1/30 minutes.  Figure 4 I 
shows t h e  mean serum osmola l i ty  f o r  t h e  d i a l y s i s  procedures 
a t  half-hour i n t e r v a l s .  The r e g r e s s i o n  c o e f f i c i e n t  f o r  t h i s  
l i n e  i s  -2.5.  Due t o  the  d i f f e r e n c e s  i n  t h e  d u r a t i o n  of 
procedures between p a t i e n t s ,  t h e r e  were 2 1  d i a l y s e s  a t  f o u r  
hours ,  1 9  d i a l y s e s  a t  4% hours ,  and s i x  d i a l y s e s  a t  f i v e  
hours.  The s l o p e  of t h e  l i n e  shows a s t eady ,  gradual  
decrease  i n  t h e  serum osmola l i ty  during t h e  d i a l y s i s  pro- 
cedure.  
' Figure 4 
MEAN SERUM OSMOLALITY AT HALF-HOUR INTERVALS 
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Figure 5 
PERCENT OF TOTAL SYMPTOMS EXPERIENCED BY THE PATIENT AND 
NUMBER OF PATIENTS REPORTING SYMPTOMS AT HALF-HOUR INTERVALS 
DURING TWENTY-EIGHT PROCEDURES 
Time in Half-Hour Intervals 
Figure  5  d i s p l a y s  t h e  p e r c e n t  of  c l i n i c a l  symptoms 
and t h e  number o f  p a t i e n t s  r e p o r t i n g  symptoms a t  ha l f -hour  
i n t e r v a l s  du r ing  28 d i a l y s i s  p rocedures .  Symptoms may 
occur  throughout  t h e  d i a l y s i s  p rocedure ,  a l t hough  t h e  
g r e a t e s t  f requency  symptom m a n i f e s t a t i o n  occu r s  a f t e r  
t h e  f i r s t  1% hours  o f  d i a l y s i s .  Twenty-eight symptoms o r  
85 p e r c e n t  occur red  a f t e r  t h e  f irst  1% hours  o f  d i a ly . s i s . '  
E igh teen  symptoms o r  54 p e r c e n t  occur red  a f t e r  t h e  t h i r d  
hour  d i a l y s i s .  Four p a t i e n t s  r e p o r t e d  symptoms d u r i n g  
d i a l y s i s  a t  one-half  hour ,  two h o u r s ,  3% hour s ,  and f ~ u r  
hour s  a f t e r  i n i t i a t i o n  of  d i a l y s i s .  
I n t e r p r e t a t i o n  o f  Data 
Each o f  t h e  p a t i e n t s  p a r t i c i p a t i n g  i n  t h i s  s tudy  has  
been t r e a t e d  by hemodia lys i s  f o r  more t h a n .  t h r e e  months. 
During t h e  28 d i a l y s i s  p rocedures ,  t h e  p a t i e n t s  r e p o r t e d  t h e  
occur rence  o f  s l e e p  o r  f a t i g u e  i n  11 d i a l y s i s  p rocedures .  
Abram s t a t e s  t h a t  p a t i e n t s  who have been t r e a t e d  by hemo- 
d i a l y s i s  f o r  more than  t h r e e  months may s l e e p  d u r i n g  t h e  
procedure  due t o  a d e c r e a s e  i n  concern f o r  i n j u r y  du r ing  
d i a l y s i s . '  The p a t i e n t  w i t h  end-s tage r e n a l  d i s e a s e  a l s o  
expe r i ences  f a t i g u e  due t o  anemia, d e p r e s s i o n ,  and boredom 
dur ing  d i a l y s i s .  The re fo re ,  t h e  occur rence  o f  s l e e p  o r  
f a t i g u e  du r ing  d i a l y s i s  may n o t  i n d i c a t e  t h e  p re sence  o f  t h e .  - 
d i a l y s i s  d i s e q u i l i b r i u m  syndrome and can  be omi t ted  from t h e  
d a t a  c o l l e c t i o n  t o o l s  used i n  t h i s  s tudy .  
l ~ b r a m ,  l lP ro longa t ion  of  L i f e ,  p .  157. 
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The f i n d i n g  of t h i s  s tudy t h a t  t h e r e  i s  no c o r r e l a -  
t i o n  between t h e  change i n  serum osmola l i ty  and t h e  mani- 
f e s t a t i o n  of  c l i n i c a l  s i g n s  and symptoms of t h e  d i a l y s i s  
d i sequ i l ib r ium syndrome d i f f e r s  from r e c e n t l y  publ i shed  
resea rch  i n  t h i s  a r e a .  H a g s t a m Y 2  p o r t  , 3  and ~ o d r i g o ~  have 
observed a decrease  i n  t h e  c l i n i c a l  symptoms of  t h e  d i a l y s i s  
d i sequ i l ib r ium syndrome when a marked decrease  ' i n  sefum * 
osmola l i ty  w a s  prevented. Each i n v e s t i g a t o r  prevented 
changes i n  serum osmola l i ty  by us ing  hyper tonic  d i a l y s a t e  
o r  in fus ions .  The assumption of each s tudy w a s  t h a t  t h e r e  
w a s  a r e l a t i o n s h i p  between t h e  occurrence of c l i n i c a l  symp- 
toms dur ing  d i a l y s i s  and t h e  change i n  serum osmola l i ty .  
The maintenance of serum osmola l i ty  i n  t h e  Hagstam 
and Rodrigo s tudy w a s  a s s o c i a t e d  wi th  a decrease  i n  t h e  
number of  c l i n i c a l  symptoms observed during d i a l y s i s .  The 
i n f u s i o n  of  hypertonic  s o l u t i o n s  mainta ins  e x t r a c e l l u l a r  
. . 
f l u i d  volume, i n c r e a s e s  blood p ressu re ,  i n c r e a s e s  c a r d i a c  
ou tpu t ,  and maintains  serum osmola l i ty .  Since t h e  r e s u l t s  
of t h i s  s tudy show t h a t  t h e r e  i s  no r e l a t i o n s h i p  between t h e  
changes i n  serum osmola l i ty  and t h e  c l i n i c a l  symptoms dur ing  
d i a l y s i s ,  t h e  o t h e r  p r o p e r t i e s  of hypertonic  s o l u t i o n s  may 
2~agstam e t  a l . ,  "Mannit01 I n f u ~ i o n , ~ ~  p .  257. 
'port e t  a l . ,  l1Use of High Sodium Concentrate  i n  t h e  
Dia lysa te ,  p .  327. 
4 ~ o d r i g o  e t  a l . ,  "Osmolality Changes, p. 554. 
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be re spons ib le  f o r  t h e  decrease  i n  c l i n i c a l  symptoms 
observed by t h e s e  r e sea rcher s .  5 , 6  
This s tudy examined t h e  r e l a t i o n s h i p  between t h e  
change i n  serum osmola l i ty  and t h e  number of c l i n i c a l  symp- 
toms which occurred during d i a l y s i s .  However, t h i s  s tudy 
d i d  n o t  account f o r  o t h e r  v a r i a b l e s  which d id  change dur ing  
t h e  d i a l y s i s  procedure. Var iables  such as blood f lo i  r a t e ,  
u l t r a f i l t r a t i o n ,  t h e  s i z e  of t h e  d i a l y z e r ,  changes i n  
e l e c t r o l y t e s ,  and changes i n  blood p ressu re  were not  
. examined. Addi t ional  r e sea rch  performed t o  examine the  
i n f l u e n c e  of  t h e s e  f a c t o r s  may i d e n t i f y  v a r i a b l e s  which do 
c o r r e l a t e  t o  t h e  occurrence of  c l i n i c a l  symptoms dur ing  
hernodialysis . 
5~agstam e t  a l . ,  I1Mannitol In fus ion ,  l1 p. 257. 
' ~ o d r i ~ o  e t  a l . ,  l tOsmolali ty Changes, I t  p. 554. 
CHAPTER V 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Summary and Conclusions 
The purpose of t h i s  s tudy was t o  determine i f  a  r e l a -  
t i o n s h i p  e x i s t e d  between t h e  change i n  serum osmola l i ty  i n  
t h e  chronic  r e n a l  f a i l u r e  p a t i e n t  on hemodialysis and t h e  
number of c l i n i c a l  symptoms of t h e  d i a l y s i s  d i sequ i l ib r ium 
syndrome experienced during hemodialysis.  
The s tudy w a s  conducted a t  t h e  Renal D i a l y s i s  Unit  of 
an urban medical c e n t e r  loca ted  i n  a  sou theas te rn  c i t y .  
Data were c o l l e c t e d  from May 25, 1978 t o  June 30, 1978. 
Data were obtained during 28 hemodialysis procedures  per- 
formed on 11 s u b j e c t s .  
Serum osmola l i ty  measurements were c o l l e c t e d  p r i o r  
t o  i n i t i a t i o n  o f  t h e  d i a l y s i s  procedure,  a t  half-hour  
i n t e r v a l s  during d i a l y s i s ,  and p r i o r  t o  t e rmina t ion  of 
d i a l y s i s .  
C l i n i c a l  symptoms which occurred during d i a l y s i s  
were recorded by t h e  p a t i e n t s  and nurs ing  personnel .  
The hypothes is  w a s  t h a t  the  number of c l i n i c a l  symp- 
toms of t h e  d i a l y s i s  d i sequ i l ib r ium syndrome experienced by 
t h e  chronic  r e n a l  f a i l u r e  p a t i e n t  dur ing  hemodialysis w i l l  
i n c r e a s e  a s  t h e  serum osmola l i ty  decreases .  
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There was no correlation between the change in serum 
osmolality and the number of clinical symptoms of the dial- I 
ysis disequilibrium syndrome experienced by the patient dur- 
ing hemodialysis. The hypothesis of this study was not 
supported. 
There does exist a correlation at r = 0.65 between 
the clinical symptoms documented by the patient and the 
observations documented by the nurse during dialysis. The 1 
correlation shows that agreement exists between the recog- 
nition and recording of symptoms by the patient and the 
nurse. 
Implications for Nursing Practice 
The results of this study suggest the following 
implications for nursing practice: 
1. Research has shown that the infusion of hyper- 
tonic solutions may prevent the occurrence of the clinical 
symptoms of the dialysis disequilibrium syndrome. However, 
this study has shown that there is no relationship between 
the change in serum osmolality and the occurrence of clini- 
cal symptoms during dialysis. The maintenance of serum 
osmolality during dialysis by the infusion of hypertonic 
solutions may not prevent or ameliorate the symptoms of the 
dialysis disequilibrium syndrome. 
2. Documentation of clinical symptoms by the nursing 
personnel during hemodialysis is a reliable indicator of the 
symptoms experienced by the patient. 
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3. C l i n i c a l  symptoms of t h e  d i a l y s i s  d i sequ i l ib r ium 
syndrome may occur throughout t h e  procedure.  However, t h e  
nurse  must be e s p e c i a l l y  observant  f o r  c l i n i c a l  symptoms 
fol lowing t h e  f i r s t  1% hours of  d i a l y s i s .  
Recommendations f o r  Fur the r  Study 
Based on t h e  r e s u l t s  of t h i s  s tudy ,  t h e  i n v e s t i g a t o r  
makes t h e  fol lowing recommendations f o r  f u r t h e r  s tudy:  
1. Since t h e  f i n d i n g s  of t h i s  s tudy d i f f e r  from t h e  
r e s u l t s  of c u r r e n t l y  publ ished resea rch ,  t h e  s tudy should 
be r e p l i c a t e d  us ing  a l a r g e r  sample s i z e .  
2 .  When t h e  p a t i e n t  c h e c k l i s t  designed f o r  t h i s  
s tudy i s  used i n  o t h e r  r e sea rch  p r o j e c t s ,  t h e  symptom s l e e p  
o r  f a t i g u e  should be -omitted.  
3. S tud ies  should be conducted t o  exanine t h e  r e l a -  
t i o n s h i p  between t h e  occurrence of c l i n i c a l  symptoms dur ing  
d i a l y s i s  and a d d i t i o n a l  v a r i a b l e s  such a s  u l t r a f i l t r a t i o n ,  
blood flow r a t e ,  s i z e  of t h e  d i a l y z e r ,  change i n  e l e c t r o -  
l y t e s ,  and change i n  blood p ressu re .  
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APPENDIX A 
P a t i e n t  Consent Form 
I a m  conduc t ing  a s t u d y  of c h r o n i c  hemod ia ly s i s  
p a t i e n t s  t o  f i n d  o u t  how t h e y  f e e l  wh i l e  on d i a l y s i s .  If 
you g ive  pe rmis s ion  t o  p a r t i c i p a t e  i n  t h i s  s t u d y ,  you w i l l  
be  asked t o  complete  a c h e c k l i s t  d u r i n g  your  d i a l y s i s  pro- 
cedure .  The c h e c k l i s t  w i l l  l i s t  symptoms which you may 
expe r i ence  d u r i n g  d i a l y s i s  such  as headache,  muscle cramps,  
o r  f a t i g u e .  You w i l l  check each symptom which you expe r i -  
ence d u r i n g  t h e  p rocedure .  The d i a l y s i s  n u r s e  w i l l  a l s o  
f i l l  o u t  a c h e c k l i s t .  She w i l l  check each symptom you 
expe r i ence  d u r i n g  t h e  d i a l y s i s .  
During t h e  d i a l y s i s  t h e  n u r s e  w i l l  draw b lood  samples 
from t h e  d i a l y s i s  l i n e s .  Th is  blood w i l l  be ana lyzed  t o  
t e l l  me i f  t h e r e  a r e  any changes i n  your  b lood c h e m i s t r i e s .  
You may a s k  f o r  f u r t h e r  e x p l a n a t i o n s  o f  t h i s  s t u d y  
b e f o r e  making a d e c i s i o n .  Your wish n o t  t o  p a r t i c i p a t e  
w i l l  n o t  a f f e c t  your  t r e a t m e n t  i n  any way. If you wish t o  
p a r t i c i p a t e ,  your  name w i l l  n o t  be used and a l l  i n f o r m a t i o n  
you g i v e  w i l l  be kep t  c o n f i d e n t i a l .  You may a s k  t o  s e e  t h e  
r e s u l t s  o f  your  p a r t i c i p a t i o n  a t  t h e  comple t ion  o f  t h e  s tudy .  
You may withdraw from t h e  s t u d y  a t  any t ime .  
Donna L .  Young 
Graduate S tuden t  
I have r ead  t h e  above e x p l a n a t i o n  f o r  t h i s  s t u d y  and 
unde r s t and  t h e  e x p l a n a t i o n .  I consen t  t o  p a r t i c i p a t e  i n  t h e  
s t u d y  . 
Witness : 
APPENDIX B 
Nurse Consent Form 
I a m  a graduate  s tuden t  who i s  conducting a resea rch  
p r o j e c t  as a requirement f o r  graduat ion.  My p r o j e c t  is  t o  
examine t h e  symptoms experienced by t h e  chronic  hemodialysis 
p a t i e n t  during t h e  d i a l y s i s  procedure.  
During t h i s  p r o j e c t  each p a t i e n t  w i l l  f i l l  out  a  
c h e c k l i s t  and i d e n t i f y  a l l  t h e  symptoms he experiences dur- 
i n g  t h e  d i a l y s i s .  The d i a l y s i s  nurse  w i l l  a l s o  complete a 
c h e c k l i s t .  A l l  symptoms observed o r  symptoms descr ibed  by 
t h e  p a t i e n t  w i l l  be recorded. I w i l l  draw blood samples 
from t h e  p a t i e n t ' s  a r t e r i a l  l i n e  every h a l f  hour. The blood 
samples w i l l  be analyzed t o  examine changes i n  blood chemis- 
t r y  which occur  during t h e  d i a l y s i s .  
You may ask  f o r  f u r t h e r  explanat ions  o f  t h i s  s tudy 
be fo re  making a decisi-on t o  p a r t i c i p a t e .  If you wish t o  
p a r t i c i p a t e ,  your name w i l l  n o t  be used and a l l  informat ion  
you g ive  w i l l  be kept  c o n f i d e n t i a l .  You may ask  t o  s e e  t h e  
r e s u l t s  of your p a r t i c i p a t i o n  a t  t h e  completion of t h e  
s tudy.  You may withdraw from t h e  s tudy at  any time. 
Donna L .  Young 
Graduate Student  
I have read t h e  above explanat ion  f o r  t h i s  s tudy and 
understand t h e  explanat ion .  I consent t o  p a r t i c i p a t e  i n  t h e  
s tudy.  
Witness : 
APPENDIX C 
SYMPTOMS EXPERIENCED BY THE PATIENT 
WHILE R E C E I V I N G  HEMODIALYSIS 
I n s t r u c t i o n s  t o  t h e  p a t i e n t :  I a m  i n t e r e s t e d  t o  know how 
you a r e  f e e l i n g  du r ing  your  d i a l y s i s .  Keep t h i s  c h e c k l i s t  
w i t h  you du r ing  your  d i a l y s i s .  P l e a s e  check each o f  t h e  
symptoms l i s t e d  below which you expe r i ence  and r eco rd  t h e  
t ime and symptom occur red .  Return t h i s  t o  t h e  n u r s e  b e f o r e  
l e a v i n g  t h e  u n i t  today.  
SYMPTOMS OCCURRENCE OF SYMPTOMS 
Yes Time 
1. Headache 
2 .  D izz ines s  
3. Muscle cramps 
4. S e i z u r e s  
5 .  S l eep  o r  f a t i g u e  
6 .  Nausea, s i c k  t o  your 
stomach 
7 .  Vomiting 
8 .  D i f f i c u l t y  i n  b r e a t h i n g  
9 .  D i f f i c u l t y  i n  s e e i n g  
10 .  Chest  p a i n  
11. Fee l ing  f a i n t  
1 2 .  Other  
APPENDIX D 
PATIENT SYMPTOMS OBSERVED BY THE 
NURSE D U R I N G  HEMODIALYSIS 
I n s t r u c t i o n s  t o  t h e  n u r s e :  P l e a s e  observe  t h e  p a t i e n t  dur-  
i n g  t h e  d i a l y s i s  p rocedure .  Check each  symptom which i s  
exper ienced  by t h e  p a t i e n t .  Record t h e  t ime t h e  symptom 
occu r r ed .  A p a t i e n t ' s  v e r b a l  compla in t  i s  a r e l i a b l e  
i n d i c a t i o n  t h a t  he i s  expe r i enc ing  t h e  symptom. 
SYMPTOMS OCCURRENCE OF SYMPTOMS 
Yes No Time 
1. Headache 
2 .  D i z z i n e s s  
3. Muscle cramps 
4.  S e i z u r e s  
5 .  S l eep  o r  f a t i g u e  
6 .  Nausea 
7 .  Vomiting 
8 .  D i f f i c u l t y  i n  b r e a t h i n g  
9 .  D i f f i c u l t y  i n  s e e i n g  
10 .  Chest  p a i n  
11. F e e l i n g  f a i n t  
12 .  D i s o r i e n t a t i o n  
I f  y e s ,  p l e a s e  d e s c r i b e :  
13. Hypotension 
14.  Other  
P l ea se  l i s t  a l l  t r e a t m e n t s  and i n f u s i o n s  which were admin- 
i s t e r e d  d u r i n g  d i a l y s i s  and the-  t ime each t r e a t n e n t  was 
g iven :  
